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ABSTRACT 


S|>eo«h i« « priamry mans af eaumnicatlovi betnaan 
p®€^la« Davalajpai^ta in th# digitai TC taehnology and 
tha davalapiant af goad digital signal proeataing algorithm 
has aiada proataaing tha apaaeh in raal tima faa tibia « With 
thia dovalopoant tha tpaaah algnal proaaaaing activity haa 
ama to a ataga frcm nhaxa low bit rata apaeah eonurdeatiem 
and mmaiaahina oonHitinioation via apaaah looks feaaibla* 
wh«araaa the spaeah procetaing aetivity In t975-»ig85 i»riod 
centered aroimd bit ♦ tlice adcroproceaaora using TO technology# 
.the current trend in spee^ signal procetaing it the nae of 
special purpoi^ aignal processing chipi. This thesis addreaaea 
itself to the diacuaaion of architectures for apteeh processing. 

The salient features of speech processing arehitectuxea 
reported in litaxature s^ich are baaed on AM 2900# AM 2903 and 
MC 10800 bit*alice laicroproceaaora are diacuased. Simulation 
of Texas Inatrumnt'a Signal proeaaalng chip IMS 32010 has bean 
dona on OEC ayatem 1090 caaputer at TIT Kanpur using a isodular 
PASCAL progras, A debugger incorporated as a special feature 
of the siaiulator haa also bean presented, A simple ataestiler ’ 
for IMS 32010 haa been written, liloatrative application 
progiama such as a 17 tap antialiasing digital filter program 
and FFT program to computo 64 point complex OFT have been run on 



th« «ij»yilateje# That# pifospeant tottfifii luitabllity tf 
IMS 32016 foa? tpeteh pracastinf# B&ttJtntekt ©f IMS 32010 
archlt©6tiii» 1mm alt© baan p©i©%#<i ©©t. 



CHAPTEH I 


INTROOUCTIOH 

Sp8»cJi 1« the prioairy aeen® «f coraminication for htiraew 
beingii^ Speech prodeotloii »»ehainitn euggests that if tpeeeh 
pa ram tore are extvaoted fitm apteohi they ooold pr^ride 
additional advantagea^ The advantagae are* lorn bit rate 
©osminicatlon* Bsan mehine eomiminlcation by voicof apeaker 
id«nttflcation» atitoaatio eptakar reeogriltioB to name a few* 
Miniaturization and the advent of large ecale integrated 
oircoita in electronica indtietry brought the aleroproeeisore. 
Speech proeeaaing reciuiree a large noaddor of eomputationa to 
be done* If the speech is to foe processed In real tlise, the 
processor speed has to foe about 4 to 5 MIPS* Bit slice micros 
processors using TTI. tecmology offered solution to the real 
time speech irrocessing profolea* 

Different architectures of real tirae speech processor 
evolved fwwa IW, The VLSI technology available In 1980’ s 
haa aada signal processing chips for speech processing feasible* 
TMS 32010 it one of them* Ihit thesis is concerned with investi- 
gation ei different architectures for real time speech processiw 
and siaulatifsi of the TMS 32010 with the facilities available 
at IIT Kanpur* -For siaulation* choice had to be aade between 
the POP 11 systea available in Electrical Engineering Departaent 
and the DEC sy»te» 10 available at C' 0 ®puter centre of IIT Kanpu: 
POP 11 systeis waa found unsuitable for the taek because the basit 


word ioiigth of PDF i# 16 Mt whore as th® oritlwetlr 

tectlon of T*SS 32010 do«» 32 bit fixod point artthwotio# 
Expanaion faaility t© atiabi® the P0P' 11 ayittn to perfor® 
donbi® )»®©®iai(wi arithmtio i« not availabi® at preaent* 

Th» software aotutiofi to this aetad at a deterrent to 

tite POP 11 to tlffiiiJtat® tm 32010, 

Haring decided In farotir ©f OEC System 10 computer fear 
rwnnlng the prograa a furttier choice had to foe made# 

between one of the s-everal get»ral.*^rpose hl^ level langpoage* 
(lite PASCAL, FCBTRAH) and Specifically hardware ti»utlJiti©n 
oriented langnaget JUtk# AHPL. It was decided to nt® a getwsral** 
pnrpote hi# level language for the follo^ng reasotui 

1) A ipeoialwpnrpote language would recpiire learning 
afreth and the liadted tla® available would not parsdt regiiitlt® 
de pth y 

(2) Hlgh«r»lev®l language provldtt pcrtablllty between 
eomputert, 

Aiaonf the hi#iwl«vel languagee PASCAL hat been ehoten In 
preference to other languages beeaute of 'yue following reaaonoi 

(1) The ifdierent capacity of PASCAL for charactor 
handling and atructured tyt^ar tliaplifiet the Implefnentatitwi., 

(2) Writing and checking of the program In PASCAL if' 

easier, 

C3) Wtten deecripticci of the program snore or lest 
depiett the al^’rlthi% nherea* in FORTHAN Juat by looidiig at the 



(4) Ofi«« the program ia broken up into traaller 
modules t the vay it i# arranged in PASCAL Is much bettex 
than in FORTBAN, 

(5) PA32AL has better data structures t and tiuis 
the Memory and GPU registers cef IMS 320 can be represented 
in a better isay In PASCAt, 

(6) lh» case statement In PASCAL it much better 
than for exa^e* the assigned go to or computed go to 
statsments In FCETRAM* 

(7) PAXAL on most of the systems has better run 
time diagnoetlcs #iich help In writing and running correct 
prograH® In FCETBAM wen If a program workst It may not be 
giving ths proper result or ewn the error i^ght go unHnotleed* 

(8) In an environment like that of IIT Kanpur* ^ere 
PASCAL is widely used by students* It will be easy for the user 
to understand the program and modify It suitably* if necessary* 
in future* 

The thesis is organised into seven chapters Including 
the current one* ^ove mertioned reaeons give the motivation 
and the approach followed for this project* 

Chanter 2 starte with basics of spsech and speech 
production* A source filter model is explained for speech . 
product!^ .Speech processing systesm are mentioned briefly* 
Basics of L'PG charmtl vocoder are given from the view point 
of the number of computations* The chapter ends with the 
conputatienel reguirements of ih& real time speech processor and 



9ihmt th# pxmmsm axchltmtum t© tieihipm 

th«Qi« 

Different «|»00th proee«««ir areltitet tuxes iaased m bit* 
slice s^ropro^essers sxs' given in glie.nte..g .,3, * Imprevewnts 
of one above tlie other are also disoess«4* The chapter en<li 
with the architettiKfai descriptioii of Teacas Instmuiefit^ t Signal 
processing chip tMS 32010 as a spteth prooessor* The drawhaeti 
of IMS 32010 are also listed oot* 

Chanter 4 describes the design of the assoidhler for 
IMS 32010* The facilities provided in the assembler and its 
operatic are also given* 

Chpater 5 gives the sisnlation details for TMS^ 32010 
siBSJlator* The dobogging facilities provided as special 
features of the sinwlator are also explained* The methodology 
adopted for slaulation is given* 

Chanter 4 gives 13ie results of a digital filter prograa 
and FFT program run as bench marb programs* In addition to 
verification of the assaabler and simulator by these prograins, 
the suitability of TMS 32010 chip for spsech processing 
appllcatiim problems is also established* 

Oiaoter 7 . gives the conclusion and lists fsw suggestions 
for future work* IMS 32010 asseiiisly language- syntax* Assead^let 
and simulator error msisagest and program listings are given 
in Appendicei A* .a.n4-A respectively* 
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CHAPTER . 2 
SPEECH PHOCESSim 


2*t IWTROTOTIOH 

is by far the mast «imam ai©tho<! af cbBaatifiiaation 
amongst btiman h@ing$ * Speech it a peculiarly hyjain actlvityf 
not endowed to oiher species* There is no doubt that aniiaals,* 
birds* aii4 even insects can e©«ainicate within their tpeciet 
using mil uncterstood but fixed sets of sounds* ®iat they, lack 
is a consmunication system with the flatlblllty of speeph and 
the' ability to string together patterns of sounds to signify 
different .and new things* In the beginning man was not very 
different from other species in the use of vocal organs* most of 
the corawinloaticai being done by syaflaols ming hands* Invention 
of speech was not due to the need to express his thoughts but 
due to the difficulty of "talking with his hands full"* He 
fouBid his hands too busy In the work and lesmt to use the 
voiee organs to produce speech for communtcatlon * 

At the acoustic level* s-peeth signals consist of fluctu- 
ations in the air irresiure which propagate to sn acoustic 
receiver* tb® hpaasn ear* Sensitivity ©f the ear is Halted and' 
the acoustic energy of the speech signal ^dimlnlshet rapidly 
with distance* Hence acoustic wave is not a good ttetns of distant 
eo8Wunicati<wi* tintll the Invention of telephone by Alenendct 
Graham Bell* speech as such was not used for long distance 



y 


coaamirdcatlon* Tha telephotJ® acts a® « taransditcsr wfi^ich 
varls® the intensity of eiectric current precisely a® the 
air varies density dyiriiig the productlcsi speech «<«iildla# 
Bandsiidth of conversational telephone channel is abotit 
3 KH» sdth an SI'® of 30 db* Channel capacity is given 
by Shannon® fonaala [l4] 

C » BW lo^ hits/sec (2*1) 

Equation (2*1) indicates a nonaal telephone 
cbawei ha® capacity to transndt InforiBation at rate® 

30«000 hits/esttw 

The Inforfflatlon that i® cowinlcated through speech 
ii of discrete wt«r@s !#©♦ it can be represented by a 
concatenation of elements ftm a finite set of sysbols* These 
discreto symbols (elements) from nhich every sound can bs 
classified are called |:honi«®es* Each languaga has Its onn 
dlstimtlve set of f^cneaes# typically numbering between 30 
and 50* Engli^ language, for example has got 42 phenomes* 

Lindt on the rate of physical action of speech articulators 
requires ^t the hwjans produce speech at an average rate of 
about 10 phtne«e$/se«* If -^e j^oneaea a, re represented toy a 
set of 6 bit binary i«jBm»r (2^ » 54 -C SO), averse Information 
rate of speech comes out as 10x6 » 60 bits/sett* In other words 
the written equi'Wlent of speech contains infonaatlcei equivalent 
to 60 bits/siC# at normal speaking rates* If ^ correlatloii 
between pairs of adjacent phcm^es Is iafeen into consldaratlont 



[i] td ®»®ai!taapt the caisaeity ®f 
htimn cham®l iDdicate* that huwaii haifig 1* hat capable af 
procaaaifig infomatioa at rataa greater than 50 bita/tae* 
thl» inforuBtion rata for iirittan agalwla-nt of tpeeah ia 
about 600 ti««» l.oii»r than the capioity' of a nonaai telaph^Jia 
charnel. It aoggaata the need to '*proc®aa*^ the speech signal 
to bridge thia large gap between the average inf orraation rat# 
of speech and the charnel capacity to transffllt it. It can be 
argued that htasan speech contains nwteh nos® Inforrotlan Ihafi 
the Witten ec|iiivalent such as the eMotional state of the' 
talker. However, such a lar^ gap between the two capacltieg 
still rejuains unjustified. The speech processing has to sale# 
use of the constraints characterising the production and partap* 
tion of s'paech, 

2^ SPEECH .PRcmcrioM MECWNta^ m. r^^.lio l 

Basic eleinents of human speech production mchanitm 
are shown in Fig, 2,t, It consists of vocal^iact which it 
a non-uniform acoustic tub»t tarKdlfiataii by th# lips at ««i» atsl 
and by the vocal cord cwstrlction at th'® other end. The ^lape 
of the vocal tract (and hence its acoustic property) ccwtii^ously 
changes during speech production by voltmtary raeveaienl of 
the articulators I naiwlyf the lips# jaws and tonga#, Th# nasal- 
tract begins at th# velum and teradlnai## at th# nostrils, Th# 

t \ 

vocal-tract is coufjled to or decmipled from the naaal-ttaci 
by cbntrolling th# !Mvflft<mt of veltm. For nasal scuni^t Voiimft 
is ©pan and sound is radiated from both th# mouth and the nostrils 



For the isro'ductiori «f nen-nasal founds the wlu» is drawn 
tightly up ard it effectively seals off the entrance to 'the 
nasal cavity* - 

these tsassive cavities (vocal tract/nasal tract) ar# 
excited by forcing air froa the lungs in trachea and throu#i 
the glottis*' The ’•voSeed sounds*' of speech axe parodaced by 
vibrating action of vocal^cords, -The period of vibration of 
vocal cords is knovsi as'*iAtch period*'*' the resulting air 
pressure through vibrating vocal cords is quaslperi^xJlc and 
excites the vocal tract to produce voiced sounds* Another 
source of vocal excitation is acoustic noise due to turbula'nce 
of air created at a narrow const nction in the vocal tract* 

This results in -the production of ''‘unvoiced $minds*V Vole® 
pitch frequency is talker dependent* It varies typically 
between 50 to 100 Hr fm aen and between 1 00*400 Hr for mmn 
and children* 

Most basic property of the speech wavefona is that 
they are band liiaited* Voiced speech segtaenis are characterlxed 
by hi# energy* qyaslperiodiclty and less nuwber of rare* 
Crossings* The unvoiced speech segaents are characterlfed by 
relatively low signal level* noii^ lile® appearance and wore 
mjwteer of xerocrossings , It is usually difficult to aark the 
boundary between the voiced segaentt and the unvoiced segments# 




CORDS 


FIG. 2.1 SPEECH PRODUCTION MECHANISIM 


PITCH UPDATE 



FIG. 2.2 SOURCE FILTER MODEL OF SPEECH PRODUCTION 







2*3 SPSEGtI. P!p!llCTIOH MODEL 1 j 1 

Souiui and th« voeti tt«et a**© twe distincst 

physical anti 'ties* The vocal tract changes shape rath«p 
slowly In speech production. The voiced and tmvolced 
excitations axe wjittjally ©xcitisive. Therefore, a very 
simple sooree filter model as shown in Fig* 2*2 can be 
tjsed to represent the speech irpodnction mechanlsia* 

The vocal tract is represented by the time varytw 
filter* Effect of nasal cavity is to introduce additional 
poles* Thetiae varying filter takes care of those additional 
poles. Excitation sontc® 1« dither a qoaslpariodlc lapwlse 
train or a .noise generator* Voiced/dnvolced switch selects 
one of thM according to the voiced^nnvoiced natore of the 
speech* The as^littide contiwl regolates the energy output* 
Silence can be represented by xer© energy* The para»t®rs 
for the vocal tract filter, volcetl^ onvolctd switch, 
pitch period and the wpliitide are regularly updated so as to 
keep track of the variations in speech wayefosia* These 
pajsuaeters vary very slowly and an update at every 10-20 mm* 
is sufficient* Study of the speech pr©(hictlon laechanisa and 
its representatl^^ as a simple sourcs-filter model sufgaste. 
the possibility of coding speech infonaatlon in forms other 
than merely the.iransdtxsed pressure i^ve* 



2,4 SPSEOI MC3CSSS1KG SYSHTEFS 


3pe®eh systems mn genssally b© dividsd 

into the foJtlosAwf three elasse© [j 23 » 'C^”] t 

Spieech analysis systeBis 

2, Speech synthesis systems 

3# Speech analysis -- synthesis systems. 

In speech analysis systeias, input speech is processed 
to get one or «««re pa raise ter ©f the source-filter imadel. 

An apfsropriat® action is then taken based on those parameters* 
Examples of speech analysis syst^s are » voice response 
systemsi speaker verification system and speaker identification 
system* 

y Dck 

Figu'ce 2*3 shoms a bled© dia^sm of an on line speaker 
verification system* The person vd|hing to be verified first 
enters hit claiaed identity* Then he utters his verification 
phrase I and requests some action to foe taken | in the event he 
is verified* 

The saspl© utterance «tilch occurs some sihere vAthin 
a preselected time period Is first accurately pinpointed* 

This is dwa foy'*end point detection*' system* Once the beglnn-p' 
ing and end of the utterance have been found|, speech is 
analysed to give a series of parameters* For example, th© 
pitch detector is used to TOUsure the pitch contour of th© 




FIG. 2- 3 SPEECH VERIFICATION SYSTEM 
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FIG. 2.4 SPEECH SYNTHESIS SYSTEM 










utteifarice, Dynaisdc comparlsoni with ths *t©r«d parmBeta»»i 
deeidie Miether to accept or reject the taiker« 


.Speech proeetsing systems in «iiieh speech is synthesised 
tisifig the stored speech parameters are Icnowi as speech synthe*' 
sis systesMt. Examples of speech synthesis systems are talking 
/byest talking calc^ilators etc# Figure 2,4 shows the block 
diagram of a typical speech 8‘/nthes.is system. The excitation 
sources are a variable frequency pulse generator for voiced 
speech fraj»s and a^rardoia noise generator for unvoiced speech 
frames. The amplitude of the selected source is multiplied 
by the energy level and then is applied to the filter. The 
filter is a time' varying digital filter vtiose filter coeffl» 
ciants art programmed as per the filter coefficients of the 
speech fiam, 

2«4,3 Spge.c.h .A.nsJL^ls.^^Tt..he.si^,.._S„mtpat...s_..^^^^ 

Vocoders are a clast of speech processing systems 
In «liich speech ts first analysed to extract the speech 
parameters. These parameters are then %«i®d to syntheslre th# 
speech. These systems are popularly known at vocoders* In 
order to implement a vocodert various types of techniques art 
in gtnersl possible both for vocal tract filter Identification 
and for excitatifim identification. The channel vocoderi the 
formant vocoder* the tPC vocoder and the homomorphic vocoder 
[13 • H f different vocoders bated on different 






»ch«TOt of vocal tract filter modtiling* 

In channel voco'der a tuittbly choten filter bank in 
amiysis aide ©rtracts short-time energy for every acoustic 
band of interest* This infoBsation feeds the synthesirer 
tide as shown in Flg^ 2»b» 

In LKJ vocoder some coefficients related to the overall 
shape of vocal tract filter characteristics are Identified# 
Block diagram of IPC vocoder is shown in Fig# 2»6» Sire® 
it is well doctiiaanted in the text a ctjrstiry discussion 
of linear predictive coding of speech is given in the next 
section# 


2.5 


LI^EAn PP.HDIOTVH CODI^!G 


/nt? 


SPHHCH 


Syjt the sampled speech sigrtal is predicted by a linear 
combination of last p samples* The predicted speech sampl® 

Syj Is given by 

^•n - - I, »n-lc 
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The error between the true and the predicted t# 
the prediction error 
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Set of predictor coefficients v^ich give minlasim 



sqtiared evtm ar® the desired predieter coefficients* That 
is, a set of slraaita metis e«3piatioiis given by (2,5) are to be 
solved to get the coefficients 



0 


for 1 < i < P 

PPP fpPPff 


Th® solution to 


above problem is C4j , 


(2*5) 
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(2*6) 


Depending on the interval over tJililch the error is 
roiniaired, itiether it Is of infinite duaration i-«>4n< oo) 
or of finite duration (0 < n N^t) there ar®"tviio methods, 
the autooorrelatton method or the covariance method* In 
autocorrelation s»thod the coefficient matrix is Toeplitr 
and In covariance method the coefficient matrix is syametric# 
Recursive mthods to solve set of eqtiatlons (2*6) are avail* 
able ^^4^ # 

Once the coefficients are solvedt their values along 
idth the excitation parameters are transmitted to the 3E«ceiv«r# 
At the receiver speech synthesis is d<aie using the speech 
iynthesirtr* 



2 *6 EXCIBTION 


of oxeitatlon psraraotor i« fieceosary in 
speech analvsia ahd speech analv^S-® — synthesis systeias* 

Ustjsl methods for voiced - invoiced decision are energy 
and average z&to crossing rate of tte signal, _ Pitch 

cl 

deterfflinaticw methods also nsnaily give the 0m v^hether an 
analysis frame is voiced or not. There are several pitch 
period estimation techniques. They are explained and 
ccmpared in (jO and jj2D« 

2 7 H/.HOVfAP.H q7.3''’IP,ri“HT-'!TSs 

(a) Flexibilityt 

There are a number of speech processing algorithmt 
and they imist be tested on the processor to evaltiate the 
relative perfomance , This necessitates that the processoaf 
im»t be programmable, 

(b) Real Time Capabilitys 

3 

A typical LPC vocoder n«d« 1,2xt0 operatloisi 

(add aixi/or nailtipiy) to process 22,5 msec, speech , 

5 

That iff' a real time processor has to perform 5x10 operatlont 
per second. One operation needs several machine in$t»ictioiis# 
depending on architecture, 'Jstjmlly processor ihich <i(m 
perfom fow to five million instructions per second (i€PS) 

Is capable of prccesslng speech in real time. Specific 
hardmare regnlreraents of the processor from real time processing 
capability ares 



1) it ahitHiid be efficient in Inttriictien ejcectiticn 

2) to pfOYide enotigh efficient tecittencing InatmcticBfti 

3) to provide instrwctlons for faet integer arithn^tie 

4) to manipulate efficiently the ftmcttired data 

5) to perform efficiently the inp»jt and ontptit of th# 
data for redaction of both tim® overhead and 
hardcore complexity* 

The speed requirements of 4 to 5 I/IPS is met^by choosing 
the processor architectnre based on foit'^lice j^p‘s nsing TIL 
technology. Separation betiween data mensory and program wmory 
as well as the large \^dth of the microcode (osnally more 
than 40 bit wide) ensures the first reqnirement* A good_ 
seqnencer meets the second req’jirement* It _ gives powerful 
branch instructions (incltiding call and return) and sufficient 
capability of nesting snbroiftines* , The third req’ilrenjenfe is 
fulfilled by^choosing a sefaiate imiltiplier preferably with an 
internal accuTOlator, The tmiltiply or i®fltiply*-accu».i3at® 
time of the imjltiplier being of the order of on© or two ©I'OCk 
cycles of the processor* The fo?irth requirement needs that 
the data iMraory or memories could be addressed In varicnis ^ys 
as (i) direct addressing (li) indirect addressing (Hi) atfto** 
decrement addressing and (iv) Immediat© addressing* The fifth 
requirement needs that the processor should be able to handle 
mtiliiple Interwipts generated by I/O devices and the I/O devlci* 
»-ist have direct 'laeaory access* 





2#8- COI^LHSIC^ 

S|s#«eh (Bam r® presented by^spiire® fil.t«r modal, 

Bastd <»i this mo(d®l ttiex^ ar® irasioiis mthoda of ipoaeh 
paroeoasing* Linear pr0dictiv0 coding is the most popilar 
method. To process the speech in real time, the processoJP 
speed sho’iid be four to five MIPs. The processor also need* 
a good program sequencer, separate program memory and data 
memory sections, a separate r»»ltipller and' the I/O devices 
having direct memory access* The processor m*tat have good 
memory addressing capability and preferably rmiltiple data 
memories. 
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CHAFTaR . 3 


ARClUTECWBlzS FOR PRCJ£3JIK<3 


3,1 lOTROmCilOH 

In this cf'iaptsr awhitasturs® for speech processors 
are discussed. Desirable fea tires of speech processors are 
listed in Section 3,1 , 1 , reatures of an ideal speech 
processor #iich efficiently meet® the speech processing 
requirement are brou0t out in Section 3,1 ,2, Four illus- 
trative architectures using bit-slice microprocessors and 
the architecture of VLSI signel processor TiMS 32010 are 
discussed* Section 3 ,2 describes architecture ! #>lch is 
based on /U'l 2901 bit-slice microprocessor and is a tor&mnmt 
of other architectures. Architecture 2 given in Section 3,3 
is based on M 2903 bit-slice microprocessor #»ich is an laprc- 
vefflent over AM 2901 * Architecture 2 improves upon architeetujfe 
t not only on the CPU count but also on the addressing mode 
and access to the multiplier. Architecture 3, given In 
Section 3,4 is based on Motorola*® v/lOSOO MECL processor and 
is an example fro® HCL family of bit-slice cdcro processors. 
Architecture 4 Is a definite Improvoraent on awshitecbires 1#2 
and 3, A good amount of thought process has undergone to 
make it near Ideal for speech processing a pplicatlons , It 
uses multiplier - accumulator instead of the simple ssultlpllt* 
used in earlier architectures. It has different addressltif 
modes. Architecture 4 i® described^ in Section 3,5, Section 3,6 



gives coffiaents ajchiteetutes t to 4, Ilie VLSI tigiial 
processosr Ti^ 320i0 given In Section 3»7 has most of th« 
advantages of arehttactnre 4 and saiaes nearest to th& 
ideal speech processor, weak points of 32010 archtteotnire 
a# a speech processor are listed at the end of the chapter 
in Section 3.85* 

3.1.1 Desirable Features of Smech Proce8 , 8ora 

SpS'Xh represented in the dl.gital form has to foe 
processed by the processor to extract its essential para«» 
meters. These paraneters can be used to synthesize the 
speech at the receiving end* Speech processing algorithms 
such as FFT, LPC and convolutions [,8^ need comixitatlons 
which are structured. iMulti plication, shifting and adding 
are most extemivoly used in these algorithrs®, Deslrablo 
foattires of a spoedi processor are discussed belows 

t) Word Lencfth i A basic wrd length of 16 bit Is 
required for speech processing* A lower word length would 
fail to extract the essential features of speech. The 
reasons are (a) speech signal of 10 to 12 bits is needed to 
provide enough dynamic range for parameter extraction and 
(b) the truncation errors due to fixed vjord length distoiPt 
the result consideraidLy thereby making the paraiwter extraction 
impossible* A higher word length does not contribute to 
enhamie the oiitfxit of the system* 



Agithmetie t Irsteimediet© ©aieulatioRt iwh at 
«wffi of products* ifi s pooch processing have to b® cargled 
wt with 32 bit precision* Hence an AUS of 32 bit or a 
facility to dO' double prwsition arithmetic is a desire lis 
feature of aji^ech processors, 

3) Separate ivkiltipller t Speech processing algori.tlwi 
need a large number of multiplications. Hence a separate 
multiplier to give a 32 bit product in one or two machine 
cycles is an essential feature of any speech processor. If 
the ALU is 15 bit* then a multiplier accurmilator vtiich can 
do a 16x16 product and add the result to a previously accuiWh- 
lated sum in a single machine cycle becc^aes a desirable feature 
of the speech processor, 

4) Serarate Data and Program Hemorv i Separation of 
data memory and program memory thereby providing two separate 
buses# provides instruction fetch and instruction execution 
to be done simultaneously. This improves upon the speed of 
the processor vdiich becomes the slower of the two. Since in 
speech processing, speed of the processor is of pri®» concern# 
the practice of separating data and program «3»iaory has becowe 
a standard, 

Ssguarr er t A seeponcer providing good branch and 
jump capability provides an efficient way to run the programs 
vdilch are quite structured. Another desirable feature of 
the speech processor is to have a sequencer with enough statfe 
depth of provi<te nested subroutines. This greatly helps in 
developing speech processing packages by separate teams. 




Speech mmXly t« the inpyt m4 
output of the $peeeh procostiug systesi^ Hone©, an aiwiog t© 
digital converter and a digital to analog convertar ar® 
needed a® peripheral®, A 6 to 8 bit nonlinear AJ^D-DJ(!a i* 
sufficient for waveform coding of speech vhere exact replica 
of the speech waveform is achieved* However elnce parameter* 
are extracted in speech processing systems! a linear A/D and 
D/A of 10 to 12 bits accuracy is needed. The sampling rat® 
of low pass filtered speech Is P to 10 FHz, The speech 
processor is interfaced I'llt?' the .VODl:M on the line side with 
the help of serial to P^srallel converter and parallel to serial 
converter, ysual bit rate on line is 2,4 kb?^ and below# At 
sampling frequency of ID Fliz and modem data rat® at 2,4 kbp®, 
for a typical frame of 20 msec* there are 200 sanples/fram® 
on A/i) - D/A side and 4S bits/frame on SjfP - P/S sld®, 

'7) Data memory should have a dlr«t 

access to the ALU, During speech processing not only th® 
raw data takes part in computation but also various constant* 
(such as sin/cos tables and log values) are frecpently uted. 
Therefore, a desirstoie feature of the speech processor i* to 
have a data memory vihich is partly HAM and wrtly HOM and 
ha* direct access to CPU (DUA capability), 

D) Addressing Uode® < Structured data tak® wrt in 
speech processing* Therefore flexible addretalng mod®* to 
access data are dasirabl© for speech processor*. 



9) Frogtram Itoiyarv i For procestorat program 

roaide# in tls© program memory* If the proetator is mioro*' 
procsisor based then for speed considerations hoslrontailty 
of the microcode is a desirabie feature* Ho decoding is 
done on the program memory out .put and the program memory 
out put goes directly to different points to control 
various sect ions of the processor* This does not apply to 
VLSI based speech processors* i'hysical limitations on the 
number of pin® of the processor cake it necessary to have a 
sssaller program memory \wrd which is internally decoded by 
the processor to provide control signals to different sectloiui* 

Speed ; rieal time processing of speech puts up a 

OY 

ninimum limit on the processor spaed* The procest^has to 
complete the computations pertaining to a frame before next 

Z-'J 

speech frame arrives* As discussed in 3ection,(^ real-time 
speech processing ittvolves 4 to 5 Million Instruction# Per 
Second* The desirable features of a $paech processor from 
speed point of view must be seen in connection with it# 
architecture and its instruction set, A processor capable dt 
running at speeds of 10 MIPS or above may not be a desirable 
one# compared to a processor capable of running at speed# 
just the half and having all the features listed above# 

3 *1 ,2 An Ideal :iy:-eeh Processor 

. An ideal speech processor is required to analyj»/ 
synthesixe speech in real time* It not only meets the 



listed in 3,1*1 fcrnt alt® performs reqwtred 
computations efficiently. This helps In tm my» ** 

(a) processor needs lesser nui^foer of cycles to execute a 
program and (b) the user can write the programs more 
efficiently <• conserving tho program memory space and his 
om efforts, Architoctural details of an ideal processor 
are described below. It is felt that vi..th the current 
technology such a processor can foe realised, 

1 ) £22* Basic word length of the ideal processor 
need not be more than IS bits. However all tho arithmetic 
is to foe perfomed rith 32 bit accuracy, A barrel shifter 
to convert a 16 bit data to 32 bit data Is a part of the CPU* 

A 16x16 multiplier giving 32 bit pro diet in one cycle and 
outputting the result to the 32 bit ALU can be as effective 
as a teparatt MC (r/ultiplier • Accumulator) with 16 bit ALU* 
CPU also has to have a sufficiently large scratch pad? w5.th 
good addressing capability, A scratch pad of length 256 + 16 
would be ideal, A length of 256 is sufficient to store a 
block of data required either for implensentation or for 
FFT calculations# The extra 16 ¥/ords could be used to store 
infrequently us©d but The addressing 

of the scratch pad should foe direct addressing or by one of 
the two separate reyisters w!,th autoincreraent/auto decrement 
facilities# The tvjo registers vaould provide the cafabillty of 
performing indexed array type calculations in an efficient 

In addition to the scratch pad <tescribedf a tKx 16 'dyit« 


laaiwr* 



wmojty i# a imiat for tlie ideal speech procesier# Notv* 
iwaedlate data and constants reside In the data laemofty* 

Data asaory is directly accessible tp Data or 

corMStants stored in the data meiaory tan directly go to 
the ALU or the multiplier. Auto imrement addressing 
facility to the data memory wold provide transfer of a 
block of data or constants in the scratch pad #iich has 
even more flexible addressing rncdes* 

Pegu An car: SeqMoncsr of an ideal snoech processor 

would have the branch Ins tractions deixmding on the accumu* 
lator status (« 0, <Cc, <,> < 0* > 0, ^0)* a branch on zero 

depending on the address register ssl-’Cted for the scratch 
pad (provid-ng indexing and branching sinultaneously)i call 
and return instractions and vectored interrupts. A 12 bi^vwcwd 
deep stack is felt ideal. This vaould provide the facility to 
develop the sovtvaro in independent modules* Vectored 
interrupt facility cuts down the hardware and software over- 
heads for data acquisition fron peripiierals, 

3} ' grparfjLffl JiaiMr yt.. A 4ta[16 memory- devoted to progi»® 

is felt necessary for the ideal processor. Though a progmro 
momory of 2kx1<» is sufficient for a sp3ech processor, a 4fe*l6 
memory provides the added advantage of the program to be 
developed In modules by independent teams. The price paid in 
terms of the access time and the memory space requirements is 
negligible compared to the advantage of better utility*. 
Horizontality of the microcode vi\ich needs a large rrogratn - 


memory has no room 


in thn ideal processor* 


4) Periitieral Dsvice ss 12-bit AID - D/A and 16 bit 
S/P — P/S directly hooked on the data bus with direct access 
to the C?0 are essential for the ideal processor* The direst 
memory access to the p^eripiierals on interrupts saves 
overtiead to interact ’kd.th tho peripherals* 16 bit S/P and 
P/3 conversion reduce>s tho nuni)er of interrupts for S/P and 
P/S devices as coraparsd to 8 bit 3/P and P/S* Since the data 
bus is 16 bit and 3/P and P/3 arc directly hooked on the data 
busf ideal thinr; is to get 16 bits from or supply 16 bit* to 
the processor at a time, 

6) Speed ; 5 to 5 I/TPS speed ¥;ould enable the ideal 
processor to hav::* additional features. Some of them as 
nonhorlzontality of microcode, 41: of program menory, and auto- 
incrementing, autodecrementing facility vdth a bramh on 
scratch pad address register equal to zero have already been 
discussed* Other useful feature that could be provided by 
choosing a slower speed is to provide powerful instruction* 
such as an instruction that -movos data in the scratch pad to 
the next location, loads tho data in the multiplier register, 
accumulates the multiplier and autoincrements/auto decrement* 
the scratch |»d address registers in a single machine cycle* 
This is #iat exactly is done in a typical digital filter. 
Since LPC synthesis is nothing but a digital filter excited 
by volced/unvoiced pulses, the speech synthesis time cen 



greatly be rochiced by stich instnicticNH, A moderate speed of 
5 to 6 l»^IPS also does not pot great constraint on the Progam 
memory and data memory selection. 


3 *2 ARCHIT-Igiuv:: 1 

ock 

The basic blade dl ;^ram of architecture t given by 
b,.2, Hofstotter et al ,, 1 is st^ovjn in Pig, 3,1 , The 
nucleus of this system is the ?jsich is based on the iU! 2901 
[23 microprocessor chip. All inst;?!ictions are executed in 
a 150 ns cycle except the multiply wMch requires four nachlne 
cycles , liowever, using the currently available multiplier 
chips# the multiplication time can M brought down to one 
cycle. It is a 16 bit processor and has two separate buses, . 
Th® IBU3 and the OAU3, The ISUS is multiplexed between 6 data 
sources# the 12 bit A/^ converter# the 8 bit serial to parallai 
converter# the 16 bit memory output register (MOR), the 16 bdt 
upper and lower products coming from the multiplier and ait 
11 bit field coming from the instruction register# The data 
memory consists of 2K-.16 bit vrords# 1 #5K of which are RCM 
and contain various look up tables , The I*bus acts as an 
input to the CPU. The output of the CPE i® channeled. to 
.one of the six registers# These are .')A converter# parallel, t©. 
serial (P/S c env :.vrta-r, the memory bbffer and memory address 
registers (MSI and iVy\R)# and the multiplicand and Ksultiplier 
(MCD and MPR}# registers of the multiplier. 
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Data and pr©graia memory are sepirate# Program 

mamory if IK jc 43 bita* Thif allowf parallel oparaiiont of 
the eontrol faction (accessing next silcroliiftrisjicti on) and 
of th« execution section* (perfcamlng calculations } * Cutiaat 
of th® program meraory is clocked into a microinftrtiCtion 
register* Program memory address is derived from the program 
control logic. This is based on the 2909 [si 
sequencer chip* Tho 2909 controller is driven by a 2 bit 
control line which selects the next urogram memory address from 
one of the four addresses. These addresses are last addrost 
plus one (continue)* the latest address cn the internal stack 
(return), an interrupt address (Jump to interrupt) determined by 
the I/O, system and a jump address vliich comes from the micro* 
instruction register (conditional or unconditional branch)* The 
jump logic thus allovs for unconditional jumps* Conditional 
jumpft, dop-rnding on the status bits coming from the CPE and 
jumps to and returns from subroutines. As th® internal 
stack on Mi 2909 is .four word deep, the subroutines may be 
nested up to four dsee viien int^rruipts arc locked out and 
three deep when they are active, Aoferance describes a 
preeessox built on similar lines in more details , 

3,3 AECiUT^Cimc 2 

The block diagram of architecture 2 given by B,C* Shin 
©t al [ 43 . 1 $ showi in Fig* 3*2* It has 16 bit CPU and all the 
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instr'uctions are executed in a cycle time of 208 m. The 
main seetlons of the processor part are data memory, csntrtl 
processing unit (CPU), a multiplier and microprogram control 
unit (iCU)* The CPU i$ 1 ;r'- o-.-C with the rest of the system 
via tw? buses, an input data bus (IBU3) and an output data 
bus (OBUC, . Tho nucleus of the system Is the CPU vliich uses 
AM ''903 [s3 bipolar rdcroprccessor chips* AM 2903 has special 
fursctions such as division and double length norm li ration a# 
compared to /U.I 9901, The I bus is a unidirectional triatat® 
bus and is connected to one of seven data sou-'c®s. Those are •• 
tho inpwt registar, tho A/j and serial to parallel (S/P) conver-* 
tors, the micro-instruction register (MIR), the memory output 
register (iV£;R) and upper and lov«r product® coming fro® the 
imiltiplier. The output of the CPU is channeled through the 
0BU3 to the C/A and parallel to serial (P/S) converters, two 
memory address (MARI and A-l' 12) registers, the memory buffer 
register the Y input of tho multiplier and the output 

register. 

The data memory is composed of 2l< RAM and IK ROM, The 
RAM is used for data buffering and tnmpo’^ary storage. The 
ROM stores various lookup tables. To enhanco the data 
processing capability, pipe line technique is used In th© 
data transfer hetvm&n the CPU and the data memory. That Is, 
old data can be road out vjhile the new data memory address is 
being setup. The tvw address registers MRi and MAH2 have th© 



aiitoincrewitt faeilfty.^ Th® address latiltiplexing and 
the autonilCTOiisnting is controlled by the control signal 
coming frora the siicroinstniction register* The memory 
output can be fed dlroctly to the X and Y inputs of the 
multiplier* N*»ithoiJt pissing through the CPU* The default 
value of the address multi plexor comes from iVAP4 * .'.’An?, 

is chosen only when the nenory output data are routed to 
the Y input of the rijltiplier* Thori-fore this scheme 
facilitates the altering access of tr/o block data sets in 
difforont raon'ory locations vdthout additional addressing 
from the- gry. Accordingly, it Is easy to copy or transfer 
a data sot from ono location to another, and to calculate 
the sum of products from the tw data sets and \YjJ 
obtained in autocorrelation calculations. Addressing m&im 
possible are direct. Indirect, indexed and autoincrement. 

The imiitiplier has the multi olicatlon time less than ' 
one machine cycle, Aince the incut and output of the 
multiplier are fully buffered pipeline technique raay be used 
for efficient miltJ plication (as used for accessing data 
memory} , 

Tic reprogram memory is 1Kx53, The output of this 
memory is clocked into a microinstruction register and 
then oxecuted, Au, :"'q10 “re gram sequencer i® used. 

AM 2910 has 9 •rord deep stack. Thus a maxiTaura of 9 nested 
subroutine calls can be made. 


Block diagram of the architecture 3 given by 
.licLaughlin et al Is given In Flg» 3»3 » It is a 
16 bit, fisted point processor and uses Motorola’s 4 bit- 
slice M 10300 liiZCL processor family parts* l*Tiole of the 
system uses i-^CL logic except a hardware multiplier. The 
basic cycl?i time for the processor is 90 nsec* vdth a 
multi riy requiring 3 cycles or 270 nsec* 

Tiio /‘."fJ (4-;'.C 10300’s> oerfcrms arithmetic, logical 
and shi.ft operations. C r■r^cet ion among the differerrfe 
parts of the processor is achi-'ved via three buses labelled 
as the C— Bus, A-Bus and I-Bus, The 0~Dus and I-3us are 
bidirectional. In general the "■-Bus and A-3us serve as inputs 
to the different sections in the arithemtic and data memory 
sections and th© 0-3us functions as an output bus* The 
register file consists of 16 purpose 16 bit registers. 

The registers can function as accumulators, as pointers or at 
index registers* Cutpits of the register file serve as Input* 
to th© AL!j, nieaiory Inti-rfac:- and rtiiltiplier. The file ciiii 
read tw locations simultaneously, During one cycle* two 
registers can be read and either one of those two can b® 
written into. This gives mors flexibility than the A and B 
registers ccaitained In Al.i 2901 and Alt 2903, 

Data I'.'emory is 4Kx1 5, The I/O ports are addressed 
as a specific memory location In data memory* Address and 
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Her and to the 
address is g-'iie 

The processor has y inxerropx xinos on a priorixizea oasis 
.Jhen an interrupt is r/ceived, control is an. tom e lea I ly 
transferred to one of tho s.>von vectors in the progrcTii nemoryn, 
Ihe condition code register is a statns register v^'iich decides 
the conditional bronchos in th'" s<:'/qn'''ncer, 

3.5 /vn3::iTd3T"rt: 4 


Arcl’itocturo 4 given by d, '3festeilino et al* Q'jJ is 
shown in Fig. '1.4. Its r.iicro-inst ruction spoed Is 325 ns. 

Jt has tv;o subs-.'?ctions Vv'h.5,ch clio’-y naximura parallelism. Thets 
sections are execution s-^otion and sequencing section. Th® 
execution section consists of (vi, data handling subsection 
and (by address handling subsection. Tine© this architectur# 
has four separate buses (Y, AbR, A and B}, there is loor® 
flexibility to cfeta flow. The data insmories FtAiyi and PA*.5B ar® 
of libel 6 each, doth these memoriss are provided vdth sumrat# 
address registers. AAilA and ADRB, ADM and ADHD, aro hooked 
on the Aitl bus, Tho ADD bus is driven either by the ALIT outpu 


or by the sequencer circuit. This provides direct ad 



and Immed: 













addressing to both the n/ii.»s* Another notewrthy feature of 

M 

this architecture is tho use of wultipiier^ Accumulator 

chip instead of a simple nsultiplier. This enables the execu- 

_n, 

tion of operations of the kind T a*b. with east* EAfsiiA 

i*1 ^ ^ 

and I'i/V.ij can be loaded vdth the starting addresses of vectors? 

and fo|_* Then n products and n accumulations give the final 
result. Another feature of this architixture is a sepasratt 
constants ACi.: vfilch is used for boot’s tranping initial data 
into the Ilbh, Constant fio-A^orv is bits. 

The sequencing section is based on AA 2910 and has all 
the advantages already discussed in Section 3,3, The .micro- 
program memory is 2Iixu4 bits, IS bit A/D and D/A converter® 
and serial to pcralial and parallol to serial converters act 
as interrupts to the processor. 


The architectures discussed in previous sections span 
over a period of 7 years (1977 to 1984) in #iich the digital 
IC technology had undergone a lot of change. There has not 
been any significant development in tho basic algorithm except 
a better understanding of the LPC algorithm by experience du® 
to lot of e*!por5.rr-r’**tation. All the hardware architecture® 
discussed so far have implemented LPC algor ilhm in one form or 
tho other though/f, they are all prograrnmable and as such any 
speech processing algorithm ©an be implemented on them. 



Astjhltect«re 1 is the forerunner of speech processiftg 
architectures using bit-slice ndcroprocessors and has estab- 
lished the fact tliat real-time speech processing systems 
can be implemented* Use of separate program memory and a 
separate data raesor-'j use of mors than one data bus and th® 
use of a seporate multiplier are the salient points of 
architecture 1 * The instruction cycle time with the present 
day technology ijiay come don^n below too ns* 

Architecture 2 improvised upon architecture 1 by using 
AiA 2903 instead of A.; 2901 as th© OlV and usin,; Abi 2910 
instead of O'vOg as itraight away it helped in 

better data handling capnbi.l.lty and better program floxibility* 
I'lowe^'r, the rain feature of this architecture is the us# dt 
tvi/o address registers (though rrultiplexed/ to address the data 
memory and the connections of the railtiplier. This arrang€«#nt 
results in efficient cnlculat" ons of sura of products* i#.ich is 
quite often used in speech processing* 

The arcl-itecture 3 is not irajich different from 
Arc‘''it.-:ctur3s 1 end S, Th'S 1 Sx6 bit register file gives slightly 
better data hnndling cr.pe’diity than the A and B registers 
(15x16 bit) contained in A;'; 2901 and A.'-. 2903. tiov/sver* thlf 
advantage is off set tad by 20 bit. vrlde program memory. In th« 
absence of the cht? oh.-jots for the chip® used In this processor 
not much comment can be made. 

The architecture 4 comes up vdth many new ideas, Us# of 
nailtiplier-accumuXator chip mates the computation of sum of 
products even simpler. The tv.»o address registers viiich h«v# th® 



capability of autoincreiaont and can act upon two array? 

mk&» tii© architecture very powerful. The new ideat 

& 

was the use of a seoarate constants H.OM #ilch can be loaded 
into the data meiaory vA^en desired to perform array type 
calculations* Uso of A." 2910 as the seciusncer gives nested 
looping upto 9 level deep* This is certainly nttich better 
than the facility provided by a 4 word deeo stack in a3?chit©» 
ctiire 1,' The snood of the processor is 325 nsec per micro- 
instruction with respect to the comoonont tr^chnology of 1979* 
Speeds of the order loss tl^an 200 nsec are possible using the 
current technology. 


3*7 ArvCIIITiCTino Cf 


'on 


WiG 


Dlock f^-rr-rr- of Texas Instruments Signal Processing 


Chip BT3 32010 \^hich ivS very much suitable for real tin» speech 
processir^ applications is si';0V5i in rig^ 3,5* TjViS 32fi0 hai 
tvio separate buses, the data" bus and the program bus. Both arc 
16 bit y.lde. .‘jince the program me;r©ry and data memory arc 
separate, a full overlap ox instruction fetch and execution 
is possible, System clock cvcle is 2t0 ns and most of th® 
instructions need one clock cycle for executton* Details of 
the T-i 32010 arclii.tecturo are given boloiv. 


^ (v*fA ,ii* %% 4.- * 7 "A* }ll^^ 

The ALU, the accumulator, the multiplier and the 
shifters are main basic arithmetic elements, ‘All arithmetic 
operations are performed using two*® complement arithmetic* 



All-AO/ 
PA 2 - PAO 
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FIG. 3.5 BLOCK DIAGRAM OF TMS 32010 






























Tho ALU can paafoasi arlthaitUa and Jlo9leal opa<atlaiia» 
Arlthnrtin apaxatlons ara parfonwd on 32 hit nwdf ahoroat 
tha logleal oiMiMitiona a» parfomtd on 16 Mt novd* miit 
parfoxadng logical opaxationa* tha upper 16 bite of tha 
aeeuBitXator axa forced to r.'To* When tha dita to tha ACCf ft 
from tha data memory and arlthriatle opexatS on la to ba perforne d a 
Shifter ((MS) cornea' into picture. Input to tho aceumilator 
la thua a 32 bit woard w5.th full algn extenaion and vAth given 
ahifta vdth reapeet to tho nddreaaed data memory noxd. 32 bit 
wide aec'^mulator can bo atored in tvio worda of tho data n e w a r y# 
The lower 16 blta of tho accunulator can bo atored aepaxataly# 

A ahlft of Of 1 or 4 can be given while storing the upper 16 
bite of the accunuXator. .Tliough the atoxe takea place adili 
the ahiftt accumulator remalne unchanged* 

The 16x16 bit multi plier :;ivea the 32 bit nroduet and 
ankea it available in r reglater* The multiplier output in 
the prodiet of the eontenta of the T register and the data an 
the data hue* addreaaed from the data mamory* Proviaion in 
alao there to multiply the T register eontenta with a 13 bit 
eignod conatant* Znatructlona are available to multiply and 
accumulate* Thue calculation of cum of prcducta can effleitniiy 
be done* 

The processor has a provision to alter the result an 
overflow occurs* A control bit called OVM (overflow mode) bit 


can be set or reset by softvare instructions# If an overflow 
occurs viion OViM is set, the siost positive or tha sost negativi 
representable value of the ALU is loaded into the acciiirai|ator, • 
V(hen an overflow occurs when 0V?4 bit is reseti the accuawlator 
is unmodified, OVI.l mode is equivalent to ciinpincj* This 
facility is very useful in speech processing. 

The accura.ilator overflow is stored in a seoarate bit 
which form the part of status register, Vori.ous types of 
branches on the accuimjlator stet-'s (CT', 0, pO, y 

and « 0) are possible, 

3 ,7 ,2 IJota lienorv and Aux-Uiarv Heals ters 

Oat a memory consists of 144 wrcls of 16 bit. All 

I : - ' 

non-immedia te 'cfeta operands reside in data memory. Provision 
is there to load data, into data memory from program memory 
and vice versa by TBLR and TBLIV' instructions, 'Data can also 
bo read in the data memory from peripheral devices, Contsrttt 
of a data rnemory location can likevise be transfexxed to a 
peripheral device. Provision is there to connect iipto S 
input/ output devices to the external but. 

Data memory can be addressed in a number of ways. 
Address to the data laamory is either from tha array registert, 
A'AO and ADI or from the micro in© truct Ion itself, DP is a 
data page pointer which can bo loaded vdth 1 bit ccnstant* 

DP if a part of status word. In the direct addressing wiet 
the add3?ess to the data merwry is given by DP and the micro* 
inst nation wrd bits 0 to 6, Pag© 0 contains data memory 
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Xoeationt 0 to 137 and pago 1 eentaim dita wmmtf &owtt«ii» 

128 to 1^« In tha Indiraet addvttalng Modo tlit addioaa to 
tha data oanao y ia aithar frao ARO or fyao AR| « AMO and 
AR1 asa 16 bit raglatatt vihieh ean ba raad or vntttan* AMP 
la array xaglatar pointar ant foma tha part of atatua taMtd« 

It aan ba raad or wtittan by tha ayatan* Iha lanar nlna 
bita of tba array ragiatara act as an up down eomtar* 

Tha ARP aaiaeta tha array xaglatar for indiraet addaaaaiftl^ 

It ARP ia 0 than lovMr 8 bita of AHO larevida addroaa to tili 
data nanary* Whiia parformlng an oparatlon ualiif IndiMt 
addraaaing* Hia oonoamad array raglatar ean ba aithar ifio*o» 
MHlad or dOOfanantad and the art can ba ehanpd« This 
providta '^a Iheility of Indaxad array* Broneh XnatruetloM 
8^ alilidi aiiaiia tha branch whan auxiliary rogialar ia not 
8080 to otoo halpf ul in pcoviding loops in tha pr affon* 
tio ooililory raglatar ean alao ba uaad aotoo taopoxory 
.iNliidO. ioaotian^ 

^" -i^ran Jgomitar .Aiid^g taBX 

- tha inatruetlan feteh part af tha pioaaaaor oantaina 
tho pragxan aountar (PC) and tha ataek* Progrm nanary io 
always addraaaad by tha eontanta of tha PC* 8toalt is four 
word daop* Progran aountar uaually polnta to tho ona highor 
raJhio of tba loot PC wolua axcapt in tho eaaoo of ionpo* 
rotumsy etU and intarrupta* For tha ratuma* tha addroaa It 
auppiiad by tha top af tha atick* For aorviaing tha intaxfopt 



tli« PC it ttt to Any Jnnp or tail adiifott It tttt^M 
by tho progsMB but to. tlit PC, 

7 

3*6t4 PjKt Atgt2i^,ani ^cnaia J4oaft Pg 

TMS 32010 hat a alngla intannt|»t «hieh aiwiyt pointa 
to atio location in tha prooram atoory* Added to it thoco 
ia a BtO pin vhieh whan zero eauaaa a imp on inatxuctton 
BIOZ, Thua tha atatua of a porlpbaral ean ba aonitcoad 
at B|0 pin and a aultablo action cm be taken. During tha 
IN oad OUT iaatnictiona the proceaaor auppliaa the page 
•ddataa aezoaa A 11 «iA£)/PA 2 W ¥\0 xinaa* At that tiaa tha 
aatarnal but ia.relaaaed ao that data tranafar takaa 
Plata fla aatemai bua* a total of 8 input and • out put 
davit at tan ha haakad on tho exterial bua« 

tMS 3201 0 aupparta 4K axtamal piatnui aaaary addraatad 
hy M 1 «di]/hl 2 «*PA 0 linaa. lha pra fza a Ntaaty In uaual praatiaa 
eoBbinatlon* Siiiaa data can ba aaad frm and 
Uitttan an the progzaa aainory, Z/0 opaxationi a«i ba paff atmi 
by tha paapr aa aanory itaaif • UaiBoriaa vdth aaaaaa tlM 
liai than lOOna ara raeonaiandad for tha TMS 320t0 prata a t ad^ 

3 *8 Batt wfioaka of TMS 32010 aa an Saaaah Pgaeaaaou 

TMS 32010 provldaa many good featuraa of an idhal 
aptaah pzaoaaaor* Houaver aoiaa of tha dza«tnakf ara 
liatad balem 



1 } Zii'tuffieitnt f'ota wmarft Sine* thi CPU Iwt 
diM«t aoetif anly to iht data It la not fwaallOit ta 

intoiaat with tha ]»a«l|iiaval dovlaaa idlthowt any awafhawl* 

Tha apaeah appllaatlona in which a bleak ef apaath data la 
to ba paoaaaaad (aay for exampla PFT of 25a xaal aaiBplaa) 

thia oyaxhaad bticaca loo much. Pioviaion ia thaxa in tfia 

» 

aoftvara to expand tha internal data mooory upto 8 paaca* 
Zntamal data menory of the order of IK ia idaal for apaa dh - 
proaaaaino and^TMS 320* a later verslom would not have 
thla handiaap, 

2) Znaufficiant stack dsptht In real tiaw apaath 
praaaaatha a foiir daap ataek ia uasiUy inaufflaiant.TBUi 
and TH.W opatatiem practically Unit tha atadt availabia in 
TMS )2CfO ta a depth of three* In apaaah praaaaatnp 
appliaatiofia it ia not uneennoR that dlffarant aobtaaka ata 

I 

handlad by different group of people* For axanpla a vo tada r 
dyataaiaan ba divided into three aubtaekat (1) analyala of 
waaal taaat filtsr pararaeteret ( 2 ) analyaia af aaaitatian 
pasandtara and (3) ayntheais of a peach* Zn • altuatiah lihi 
^iCt aanaglng with a four daap etack becoaMt difficult and 
tha uaar haa to ba aueh careful while using tha ataakML Ihaft 
la a provlalon to expend by softvera the ataek Into data 
neaery* However* it again needa overhead which aan ba illj» 
afforded in real tine speech proaeaaing. One wiahea that lA 
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futurvv a ahip with HIS 32010 astthittwttitw la inraUalila 
with mf ataiifc# 

3) Paar tmtataatiaR with X/0 dairiaatt Mth IM 32010 
uaar haa aU tha f asUltiaa onaa tha ai^al ia intlOi tht 
data « nnry » Sinaa in TMS 32C10*a avehitaetara CPU aaimat 
aaaaat my aataida datat the aaarhaad ti«a to aeqiAsa data la 
too iaaoi* 
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CHAPTER 4 

A33E/.1BLSR FOR TiViS 32010 

4 

4,1 lOTRODUCTION 

In this chapter the design aspects of an assembler 
for TMS 32010 are outlined. Function of the assembler is to 
translate a source program written in the assembly language 
to ‘tihie jptghlne language, Basic aim of this assembler is to 

produce Object code for TMS 32010 efficiently, Modular 

* 

pj^d^reinaing technique has been followed While writing the 
||SS«^le3||. Adequate documentation is provided for an 
intex^ ted user to understand the assembly process. 

* “v . 

Sect ion 4 ^- format of executable instructions Is given. 
m 3 , expla ins the pseudp^peratlons provided in this 
iljiNM^ler, The assembly process is discussed in details in 
Section 4^5 shows how to use the assembler. 

Btxtur messages given by the assen^ler show the exact nature of 

: &e error In the source program, and thus help the user to 

Hr 

write the correct program efficiently. These are explained in 
Section 4.6 . Section 4.7 gives the conclusion. All the' 
assembly language instructions of Tf>VS 320 have been implemente' 
and tested carefully. 





4.2 •j<5CUT.;3Li IN3TRUCTIQN rORi/.M 

The T]/iS 320 assentoly language is line oriented,^ 
liach* source statement is a combination of the follovdng 
four fields! 

(1 } Label 

(2) Instruction Mnemonic 
( 3 ) , Operand 
(4) Comment. 

Thsee fields are described in detail in the following. 

• The source file statements imjst be unnumbered. The 
l^bel field is the first field of the source line and starts 
at the first column of the source line. Fixed format is 
foHols^ for. labels. All labels are of two characters*. First 
character of the label is an alphabet and the second character 
of the label is a number. Label is terminated by a colon. 

. ; The instruction memn c field follows the label field 
ffid is separated from it by at least one blank. .Then there is 
AO'' label the instruction field must not start before the fourth 
column of the source line. 

The operand field follows the mnemonic f5eld and Is 

separated from it by at least one blank, 'Vhen tvso or more 

’operands appear in a s'tatom.Tkt they must be separated by atleasV 

one blank and must not Cvontain ombedded spaces . !■’ TMS 320 

on 

assembly langu'^ge some of the operands are optiydal. Exactly 



the sane anount of flexibility is provided in this assembler 
os given in the user's na«uo.i. \^l3 • Gperor.c: fi^lr! Tor the 
br.r'ch ::nd call instmctionsnust be a symbol having the some 
syntax as that of the Irb^i stated earlier. The numbers in 
the operand f? :.‘ld are deciiaol numbers, .hen negt-tive numbers 
-.ra encount.?ri'd (as in ilPYl% or in Z-4 instructions) a 
oi^n follcv.ed by blank is put before the nui.ibor. 

The last 'ield in any statement is the comment field . 
iJioinr.ients are strings of characters vhich are inserted in 
the source program to Identify or clarify the individual, 
statements or program flow. Comment field is optijllol. It Is 
separated by the assembler syntax expression by atleast one 

I 

blank and starts vd.th a semicolon. This Is Ignored by 
the assembler but is Included in the listing. Appendix A 
shovvs the format of an instruction, 

4,3 PSiirUO^PHRATIONS 

ORG and ZcQ pseudo-ops are provided. Pseudo-ops 
cannot be labelled. Pseudo-ops appear at the place of 
• Instruction mnemonic of the executable instruction,. They havis 
the operand field and also have opti^l comment field,. 
Pseudo-ops are not executed by the mechine but are interpreted 
at follow 
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OIVv, '-.so'.'do-op sn:,‘Cl'?:;s tl progrnr.i loC"it^or. counter 
v-lu-’' from vrfiere th;? foUrn-rtn;:; rjntrles in th<5 assembly 
Innqunqo source prograi.j ar-* loaded, do default value of 
t! e program counter Is provided, Oper-md of OUU psoudc-op 
is the decimal value of the program counter from vjhere the 
follov'dng source program is to be loaded. 

Besides storincj the program, the program memory of 
TliS 320 is also used to store constants, look up tables and 
data values, ZBQ pseudo~op provides the facility to load 
these values. Operand field of the ZBQ pseudo-op 3li a string 
of decimal nundaers vAi-leh are to be loaded in the subsequent 
locations of the program memory, the numbers in the string 
ace separated by atleast one blank. 



Forinst of the assendbly lani^ags syhi^x ts same as ■ 
the fdi^t given In 0 J « this is given in Appendix A as 
an aid to the Ihtemted user., Pseudooops pmovided in this 
assenblsr are also listed in App endix. ‘i>.. The s.pecial 
symbols used in this appendix ai^ llsied. after Table 
of 'Conteiita, . 





FIG. 4-1 


ASSEMBLER FLOW CHART 














Finn TP 4,1 shov/s the flo’.v-chart of the Two Pass 
ass blor. Functions done in Pass Onu are: 

1; Reading a line of the source program, 

9 ) Processing the line - Processing includes generation 
of label table by the label field, coding of the 
instruction. Including the branch instructions having 
backward refer ";ncQS* 

3) Writing the code/ error message/ ‘^orv/ard reference 
in PAS1 file and copying the source program. 

Functions done In Pass Two are* 

1) Filling up forward referenced branch addresses* 

2 ) Entering the complete PAS1 fitie including source 
program in user defined file^ 

"OK” is an error flag wJiich is reset if any error occurs 
during Pass One, M andi 1 shown in Fig, 4,1 are variables 
used for the source progr'ara line rointoer and mintoer of labels 

A ff 

in the label table respectively, LC is the program location 
counter. Care has been taken to develop the program in 
modules, ' One line, terminated by CR, of the source program 
is processed at a time. ProeSKlsrt •CETLINE" copies a Hne 
of the source program. Procedure "GETSY^rfl" scans the 
intexnall.y stored Hue till a nonblank character is encountered, 

ChVi, 

the. information in array 
lllfllt) blawkriet'veoeaititexed. This procedure 

a line. The information 
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can Irhol, n mnemonic, a pseudo-op, an operand or an 

oad of line, oeginning of the couuiont field or QR, 
v,h3chevor occurs i^lrst is '^r.-ated as end of line :nd is 
excluded from the ass.oirt>ly process* 

If the symbol happens to bo a valid la’el then it is 
searched in the label table by procedure "Llu,. d*', Laoel 
t.Jjle is defined as an array .ILT.iL) o.' tv.o dimensions. If 
tho symbol is found then same- sv'mbol has been used twice. 
Therefore an error message is flashed on the terminal and 
further assent)ly of that line is aborted, after registering 
the error message in PAS1 file. If the symbol is not found 
then it is entered in the last location of the label table 
as a new entry by procedure "I'lSiRT”. The size of the label 
table is incremented by one and the value of the label is 
set to the current LC value. Linear search of the label 
table is carried out and hence a restriction of 20 labels is 
imposed on, the userto keep the assembly time reasonable. 

The symbol next to the label or the very first synribol 
in the line in the absence of a label is a mnemonic or a 
pseudo-operation. Mnemonic, and pseudo-ops are declared as 
a record Y, This record is arranged in the alphabetical 
oiiier* A binary search of this record it made* A total of 
'>2 mnemonics and ps«ado«op$ ate present in the assembler* 

A fsateh of 6 is needed to pinpoint a 

partioiii'»''ai|«itoo^ or.,'e;i»W<lo-op» A case statement then 
- a definite procedure. The 

the use of case statement reduces 



th '. -'’GSj'.My i'ich T.mrjT:o'"'5.c i^soudcy >"• ?o procoGsod 

'•Y a separate procedure vjhose name is identical to the 
r.ncr.ionic or pseudo-op v;5th a prefix I , T’is q3ves better 
rcadrd d lity to the assomblor progrnra. for ;xa.plo, nne- onic 
j ^s processed ’r>y procedure I-ADD. 


Attempt has been mode to enebdo an instruction as much 

ns possible during Pass Uno itself. The branch instruct'’ ons 

v;l;icl! have bac kword. ref ex'>ncos are also fully encoded, 

ujv nch instructions with forvisrd references put the sywtoolic 

address preceded by in place of object code. 

Appendix D contains the Pass One listing vdth an example of 

41 

forvard referencing. This is fitted in during Pass Tvx> 
viien all the labels are declared. The assembler creates a 
file called PAS1 during Pass One , As soon as the 
processing of a line is over the program writes the object 
code in PAS1 file. If however an error is encountered vihile 
processing a line, error code iRPbC, 

place of the object code (APPB , Along 'v3.th the object code 
or the error code (as the case may be ) PLC valiie in hex and 
line number In decimal are recorded, Full line as vnrltten 
5n the source program Is then copied after the PLC value in 
PAS1 file. Pass One continues to encode the source program 
till the program ende, even i4 an error has been encountered 


fieee then execution of Pass Two 





Tv» only the object code position 


symbol at the first c lumn pnd 
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a blanlc n tho fourth column is mst, search for the label 
cfiven by the second and thdrd column is made in the label 
t-c]j.lo , 7' the Icbal is found than the value corres’X>ndin<3 

to the lc'''el is entered in object itIo, Sritries of TASI 
;* le cdon(j vd lI'. the l ass iv/o modi 'ic:. t ’ ons aro entered in 
the user defined object file* 

HO'.. TO IJS.^ Th.: ..id.:. 

The user has to run the assembler program to start 
the assembly process. The asse'ialer nrompts the user to 
provide the inout file name of upto six cliara ators r.s - 

’GIVE iHPOi diLa :{xx>d:x 

V.hen the user has provided the name of his input 
file the assembler reads it in the packed array HINP^lJ- 
HIMF [6^ . If the file name hapnens to be of less than six 
characters, the £61 array Is left justified 

and added with blanks on the right A standard extension 
for the input file. is IMP, This name is then attached to 
the internal fine name "FINP” by the assentiler. Assembler 
then prexT^s the user to provide the output file name of upto 
s lx • cha ra ct e rs as- 

. ‘(^VE,,pinrpux. ni£ NA.1E s Xioooa 

I#- xliHWt- hi Wf peevide d the neme 0 t ■ -hie ou t put , f i le 

tisi emeeiduye^i^eewte it'#n-the paeked array NOUP til *• C'l* 

leee'-than six characters, 
ie left justified and added 
* A standard extension for the 






mttxit film if CSJ, Thit name If attaehfd to tfcie 
inttrottl file name "FOUR® by the affembJLas. 

Stainlard PASCAL proyidef facility to open ihe text 
files C 43 * lext tilts are files l^t cofisist;^ of a se<|uence 
of ehaxaetert that are subdivided into variable length 
line** The predefii^d type •TEXT® is used to declare test 
file#* 

Handling of the text files i# very aiish siadlar to the 
handling of INPOT and WTHIT files* PASCAL stateaent# for 
these are given btlowi 

mtm iv, Ck) ♦ Write a sharaster variable in text file ?, 

RBAJB (F, C3i) ♦ Read a sharaeter variable In text file F* 

WRlTELN (F) • Terminate -^e enrrent line of text file F, 

RSAjKJf (F) •* Skip to lyee begiiming of 1^® next line of 

^e text file F* 

EOLN (F) ♦a Boolean fumtion Indloatlng whaler the 

end the enrrtiil Hue in the text file F 
has beoit reached* 

RESIT (F) * Ii^tlate Inspection (reading) of F* 

REiMIE (F) • Initiate genesatlw (writing) of F» 

The PASCAL coaapiler available m IBC system^lO at IIT 
ICaiviiir {Ib 3 has extended forms of RES^ and EOiRITE statements* 
It provides the facility ^ set »p correspondence between 
^ file desi^tors and actual files* Statements used for 
this purpose used in aeseiteler to define the inistt file 
and the outpit file aret 
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RESET (F, file na») t f torzeaptmds to fil« mras# Initiate 

inepeotiofi of F, 

REiSRITE (p, file name) t F eorretpondb to file naiae initiate 

generation of F, 

Other extensions to RESET and REMITE statements are not 
need feemt the files iitspeeted aral generated are restricted 
to user’s area laily# 

After the user has provided the inpwt aiwi output file 
names# the assenfoler ass«od3les the somrte program larovided by 
the input file. Errors dnri»^ Pass Chie axe flashed on ISie 
termlHasl, If no errors axe enaoiintered in Pass <ani|. then 
pass tm© is parried oat aotwaatically. If any mvm is 
entonntered dtarrinf^Pass Two the message is again flaaidied on 
the terminal. 

Assembler oetpirt is giyen In two filet, PASI file 
wtd-eh is treated by the assembler for Intermediate operations 
is ayailsbie to tiser for inspestlon. This file is tiseftil 
for the »rreetion of errors in ^ soiiree program. Final 
outlet Is in -^e user defined file adtli an extansion OElf, In 
ease any errors axe detested in the soerte progrma ^e eser has 
to sorrett them end sensi the ass«ii»ler« 



The asseBd)ler not mlr do^ the basis fnnttion of 
translatiiig the sssesiily langimgt $mm» prograaa into maihiiie 
Isf^age program but also points to speiifit errpfs in ^ 



«ot3Ere« program* Simt tho a«aei4>ly lof a liwa i» abort ad 
Gmm iP ©rror is raet^ th® «rror indloatad by tb® ass«id>I®r 
if tb® utry first error i» that Hwi* Assembler obviously 
points out the syntax error# only* Erronetw line# in the 
sowroe program are hlgbli^ted by adding "JD0F* oharaoter# 
after ttie error message* Errors ean be r«e(»^i®d toy teelnf 
the tersinal while asseictoler t* as»8M>ll»g the popofram or 
they tan be read from the lASt file created by Hie assembler. 
Error messages and their me-aning is listed in 
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mm 


The assembler produses iorreet otojett eo^ for all 
valid imtruetions of 3^0* It is e very toasie asseidiler 
but at the same time is geod eeim# to enable the user to 
write appUtation programs to toe run on the simulator* 


of the la btl tatole Is fined hmt sen essily toe shanged to 
ineozporate larger mwbm of mtoels in the sourse program* 
Acteguate dosumsntation Is provided to maht the user understand 
the methodology adopted Hiring asseiiiliiig* Any further 
additions to the mnemeniSi Cdus to future developments in 
tM 320) gsn imslly toe tarried ant m the struttinte of Hie 
program Is mo<hilar* For f uriher details taer is advised to 
refer to Hie user*s manual for IMS 320 
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5.1 mmmm 

SiimiJyatSon is a widely used tethnicpe* HowweXf 

sittilatioR *3i a complex processor as a tool for softisare 

cievilopiewt Is of reoeol origin* Advantages of the slwjlator 

are ease of software development* testing and suadifieatiofui* 

Main aim of tlie simtlator for TMS 32010 is to provide t^e nser 

at 1X7 .Kanpur a fa tint y to develop speeth pro^ssinf algorithms* 

test them and modify 'Uiem* User has almcmt all Idle freedom 

for software development as if he mm working with a U/V ns^g 

TMS 320 proeessor* The simulator program uses ^ 7^ 32010 

ohjett code developed hy the asseahler destrihed In Chapter 4* 

es 

Input and ontpnt.fil/kmay he assotiated with the port address 0 
of the X/0 instrwttlons in order to idsmlate I/O devlte whieh 
will he eonneoted to the protestor* The interrupt flag twa be 
set periodloally at a mm defined interval for simtilatii^ an 
interrypt slgral* Before initiaiing the program exeaitlon* 
hreak points may he defiaed and the trace laode may he set op. 
_Duxing program estetotloA* the intermil registers and memory 
of the slisttSated IMS 32010 are mocKfled as each instrootion is 
interpreted hy the tompetei'* Exeoiitloii is suspended when eiidier 
a teeah p^nt or an arret Is entomilexed* 'onte program oxeoution 
is siMpendhd* the inlomsl m^gistOBi* ai^ hath tho program and 
data momorioa oan bo tnspettod and/<or modifiod* Provision is 



Micfo to lo»d i^e oonatant® mn4 <liita in tk@ pe&^stm 

mimtf using liw output of tfe© usson&lexf « A plot faoilitif 
is prouiile^l to plot tfeo ©ontonts of th® pdrognam cwiaonv' f»o® 
on© location to anotlior cloeatipn^ Tti© plot ©an be ##«n eitlieir 
on tbe teaerainal or a hasrd copy can bo obtained on tb® printer* 
fiyot tbe (Stalls of WM 3t@ fmm a program^## 
point of yiow* Addressing mods© of TMS 32010, yarioas inetsoctiowi 
of 3201 0 and oaro to be tafeen steile pirforidiW i^rtain t!ist»u» 
ctton is also brou#it out, Ttie functtw of “S® § tUTSlSRIFr and 
RESET fdns of IMS 32010 is ospisiwod* i»a.t.|Qp gives the 
simulation prosoduso* It outlinos^ ^ stops tafesn In 
siittilation prO' 9 rais« i>osl^ aspoots of l^e siiMlitiott systisi 
are given in Siotiiai tbrcu^ contain 

tbe general design aspests, integer srlttaRstiCi^ design eepeotg 
for interrupts* load, I/O psnrts* piol# trsost bresli p<^nls and 
deposit and display fsilMties* enmezatei tbs 

special features ^ tbs simulator* details 

the astbod of usiiig tbs simulatimi systMi* ^ebt^iim .5.^4 concludes 
tbe obapter nitb consliuid.<ni, 

IMS 320 is a si^l processing ViSI chip* It has powerful 
instruction set* flexible addressing modes and other Ibelli^es 
iiui^ as clipping ^ AJytl result to positive m negative aaxiatia}* 
li^ 3201 O^s salient pdlnts from a iwogs^merb view point are 
described belong for detitl% tie ewer is referred to Li 3 ♦ 
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A<Mgft.ssa.ijig ..MoLd«,f main add^aaaif)^ mdm ar® available 

with ife® IMS 32010 Imtsiiitioii 8®t-dlr«t, indinaat* and 
iBBMdiate addr«s8l«g» In ©f tb« 

word ©oft«at«nat«d with tli® data paga pointear 
fam tba data mmory addraaa* Xa^tefel-Atewlia. 
meiaory adda^ss lro» tba least signifl'eant eight bits ©i ©a* 
of tw© auxiliairy xegisters# ARO and AR1* The auxiliary register 
pointer (ARP) seieots the ©iirrent aexiliarf register. The 
auxiliary registers san be autoaatieaHy Insreiwnted or dtore**^ 
iaeiit»»d in parallel «dth the exeeutioit ©I any IncErest Inst xust ion. 
In Imftilfly at^yeosiitg (tots are dtriwd fr<« part of the Instm- 
©tion word, thipendling m the sitiattioii dhta is 1 Mti 8 bit or 
IS bit. Espies of these addressing oxides are shom belowt 

1) AWS j|' S ♦ 

Add to atsumilator the soMtents ©f ae^ry location b 
left^'^hif'feed by 5 bits {W » 0 ' 

2) Al® *4 e I 

Add to actuflKflator i^ie tentMti of data wpory 
©(bSsass defined by sontmts ^ Mrrsnt auxiliary xe^ster (AE). 
This data is ldft**shifted S bit befmne adding. The aurreitt 
auxiliary register is autoincreiaidted bf AaxiHary register 
pointer is loafed idth a yaliw I after exesution (i.e. AHP •1), 

3) lARK ABO K 0 4 - 

AHO is loaded vdth aimstant K, 

ai^ . .^aati^.tid^ . » Sinae ^ aosiaKilator of WS 32010 
it and the dita hea ta Id bit« jSide variety of aoeunulator 
tion* are available* A shift eode is associated with the ■ 



AI®* SUB and LAC instructions ^Icli specifies the mtidiex' of 
shifts given to the eontenks of the data aeraory before formifig 
a 32 bit isord* The shift is an arlthiaetlc shift and sign 
e*teniiion is provided. Logical operation sudi as A!©j, 3KB 
axe available. Logical opexetlons are perfoiwd vdLIh the lower 
16 bi'te of the aecwMlstiaf,* Hl^air 16 bits of accnraolator are 
forced to sero virile doing logical operations# One tan add to or 
snbtiiCt f ron higher . order bits of actonfiilator with AIBU and $IBH 
iwttrH€t-!#ii# 16 bit arithmetic can also be performed esii^ 

AIH13 and SIB3 instructions « The resnlt of an aritheetic operatlPi 
which is nstmlly 32 bit can be stored in a , variety of wayi snch 
as store Icn^ order or hi#i order acinmnlator bits ($ACI»t SACH)# 
idlgh order accuanlator t^ts can stcedd wilh a shift of Of | 
or 4 bits* Condi tloiial scbtxect instmctton is useful 

for tUvis^* 


Braj^rii 4nsti?ictlons • Vari<^ branch Instinctlciisto provide 
braiching depending on the mmxmMtm condition are provided in 
tm $20* Thece are BLZ C<0), BtM, {C o), BQZ (?0)f BmZ ( > O), 
BIG (|i 0)f and BZ Ca»o)* Ih^onditional branch (B)f branch on 
over flow (W) ami branch on aiiiiliaxy register not itero (BAflZ) 
are other bsetiaihei* Branoh on over flow* apart frtn braikching 
on over flow# resets the over flow flag* Over flow f li|^ 
whfin setf cannot be reset hf any other method accept by ^e BIT • 
iiwtmttlow# Iven a ftI$ST signal does not alter the overflow 
flag* BMiZ inetmction itecreiaeiiCs the current austtliary register 
by i MCh tism the bramd^lng tabes place* CALL and RETIBH axe 
the nanai linktriiction to ^11 to or return from a subroutine. 






BraiiSh iiwtrwttlons ar® exeeut®*! in 2 mnhim tfelm and o^mpf 
tm word of program HUEory* 

Th« 16xt6 • bit pip® iiiiod laaltlplier 
eonsiats of threo uni tat th© 16 bit t ragistor (TE)* Tti® 32 bit 
f rtgiator (1%) and tha multi pli»r array^ In owtor to «•© tb© 
istilii pilar# tb# ratiltiplltand Mst firtt be loaded into TE fro® 
data iAM bf using one of Ibe following inatrtistlom IT, tTA at 
LID* Then tl» MPY (imjltipiy) or tbe MP1®: (aaltlply imedlate) 
instmetion is ex«eiited« If tl® MPVK iimtxuetion la used ‘Wi® 
multiplier imlm is a 13Hblt eonstant derived from tlie SIP^ 
imtniotion word* This 13*bit eotetant is right justified ami 
sign extended. After execution of the at MPVK instiuctiont 
the inroduct will be found in Unis product can be add^d ta$ 
subtracted f remit or loaded Into the aosmlatar by executing 
one of the following instructions! APAC# SPACg, LTA|t LID or PAC* 

There is no way to resterre the ecsitents of tbe P register 
wlthowt altering other roasters* For ^Is 3mkson in tl^ IMS 3201 0, 
an interrupt is deisyad until the instrwttloa following the WY or 
ISPYK instruction has been executed* Tlwist MPY or MPYK 
instruction should always bs followed by instruction® tt®t 
tmbim the PR with th# acccwulatort MC* APAC* SPAC, L1A or LID* 
This uitst always be followed as a logical tcmseguence of the 
IMi M910 Inatxuttion stt% 


Contents of data mmxf loeationi 


can be copied into n«tt location by IMEf Instruction* Input and 


^tpttt ef 'dita to and fre® a perif^ral is accomplished by the 


IN and OUT instruction. Data Is tmmtmwtw4 @sr«r l&s i$ felt 
data fens to and from tfea data mmoty In two aathlne cycles, 

8 iniJttt ports and 8 mitfsnt ports are avallafele «flth TMS 32010# 

The three sBiltiplexed JLSBS of the address bust throti#i PAD 
(Fig# 3,*^) , are used as a port ^dress by the IH and CWX instru* 
ctions* The remaining higher order tdts of the address Itnis# Alfi± 
through A3, am held at logit rero during «ceciitlon of IN and OUT 
instnattions , 

Tte TBLR and TBLl instmttions allow words to fee traroiferied 
feetwten program and data spaces, TBLE is used to read words from 
program BOIsV'HAM lirto ^e cMta BAM, TBLW Is used to write words 
from oi»«<hip data BAM to off*«hip program RAM, IBIR and TBLW 
need three cycles for esecntlon, 7©mpoxerlly« the PC yaltte is 
poshed into the statfe and table address Is loaded in PC, Therefore 
care alxnit the staefe mast fee tafeen vMZ» using T^ ami TBtw 
instrwctlons , ^ TBlIi is eseffel for rea#ng toefflcients that hate 
been stored in Program BOI 4 or time dependent ifeita stored in 
program BAM. IN and OUT instretiioRs need two mathtne cycles fat 
cctemition whereas TBEa and TM^ need thr^ machine cycles for 
enaMctlmfeh, 

Sa,iQlSian,l»>t«IIW - Tilt OVM register is directly under 
program (Fig, 8,1) Control* It is set fey aOVM Instniction and 
reset 'fef t^ BOVil iimtrcction. If an oyer flow ocmirs when iftt» 

. tin most posi net or ^ iwst i^gative reioresentafele waliie of the 
Altl is loaded into tfee ascmslator* Whether it is Boat positive or 
fim most neipitiire cefeie is determined fey tfee oyer flow sign. If an 
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mme ^fXmi mmm ulita ip«®t| aeewsilator mmim uraaodlfiadi, 

PlBH and POP Initrattioa ptish staa'li ixm md 

POP the stack to accnmlatca' respeetlvely,^ If there 1« a stack 
over flow* the deepest level of stack aAll he lost* If the 
stack Is overpopped t the value at -the bottesi ©f the slack sdLjLl 
be copied into higher levelst until It fills the stack# 

shoitrs the status register bits, is the accuwilator 

overflow flag, Zero indictee that the accumtilator has not over^ 
flowed* One indicates that an m®T flow In actuaulator has 
oteurred. The iV (hransh on over flew) Ins trot ti on will clear 
this bit and cause a branch If it is set* ii ^e over flow 

laodt hit* Zero wesfiw that overflow mode* described earlier* is 
enabled* The SOVM insixcitioe loaile ^ OVU a one and ROVM 

Cl , 

loads the-OWM wi’tti szero* *2®* interrupt laask hit# . . 

Zero means an intenupt Is am hied* Om^^amm interrupt ie 
dlsahted# The SIHI instnaitioii JMidi to IHIM hit with fzeioi 
DINT loads tim IWU hit idth a one* ^en an interric’t is ^ecuted* 
the 113X11 Idtt is eutoaiatltelly set to one before Ihe interrupt seivic< 
routine begins* ”AEIf* is auxiliary isegister pointer. Zero 
selects ABO* mm selects AB1# The MP sen he changed by MAR or 
IMP Instrwstiwis, It tan also be changed by instructi«»is that 
peawd.t indirect addressing optiim* "IMF is the dat^ aeiaory 
page pointer# Zero seletts first |2i isirds of date laeasry* i*e* 
pegs rero# One seleets lest t$ words of date weaoryt i»e» pegS; 
one# lbs 0P ten he chengsd using lOF or instructions# 

The ccntenls of ^e stetss register can he stored in data laeiiory 
hf ssecutlng the SiT Instrustiim# The tST instxti^tion reloade 
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the status registexf vdth ttie exeejjfcion of the INTIM bit* 

The IHTM bit cawiot be ohamged thzixi^ i.ST liiststiotlo*i* 

W. IMTElWDPl'. AMO reset - 'Jhe U? pin on 1USj32010 i« «n 

external pin supports bit test and inisp operations, W»«ii 

a low is present on this |:d.n, exeewtlon of BIOZ ^listmitlon srill 
oattse a branch to otciir. 

The Tias 32010 Irrtexa^ttpli is generated either by applying a 
negative going edgs to the interrupt pin or by holding interrupt 
pin low. If the interrupt laode register (IlffM) is sett then an 
internal Interrupt signal beeoiaea valid. This aaiises a braneh to 
loeation 2 in progpram laeiaoryt The interrupt sexvioing is 
delayed In ^wh cf "^he following sas^i 

f) Until -^e end of aH oyoles of a mltletnle 
instruction# ' 

2) Until the instn^iltm foUowlng itot MPT ©r MPtK 
haa ooopletec^ ^^uti^# 

3} thitil *^0 instr^tli^ following BX!il lias been 
eneeuted Cm^n interrupts have been previously 
disabled). This aHowi 'Mie fUT instruatimi to be 
exetuled after interrupts betona enabled at the 
m4 of' an Istarrupl routine, 

heeet lunatic Is emtbled whan an active low is plated 
OR t^ pin for a ntninuffi of five sioilt eyelet. The PC is 
eleartd and Ifitetsupts am mmblsd. The over flow node register 
im} rsMins vnthanm^ ^ Beset, 
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5.2 SimATIQfl PROCEmiRE 

Tht slsaulation farogram treat® TTY at tli® eonsola for 
the Th® main ainatJUior program direct* tti® larogram 

, i/ 

flow to C»PR£K: proc®(tir®8 and aft®r completing tte* detlmd 
tank asm®* back to th® coniol® i* reproduced belowl 


begin 

noTBUKi ommmi 

Bmm m falsei inmnat « falsei PREVINTOi « fal«®| 
repeat 

Will (TTYt <>*)| WiAK (TTY) I 
aiTsYUf 

if $m *» mmmm then caajmjR 
elt® ERROR 
tmtil * •EXIT* 

end * 

•OillINi** 1* a prottedmie tople* entire Hne 
of mpto 80 chasetter* entered on the TTir« Into an ifitemal 
arr«f« **@EISYIf proieitere aimlfree tNit arrtf by aepezitlng 
cYttbole « It obaexet* the flr»t noi^lanh tihaxaeter and etart* 

t 

ftoPYinc^ Sdbeeguei^ tharaeter* Into another arrtf of length S# 
tlli a blanit character I* ohtemd« Ho ealid siNhol of ^ 
alawilato ia mmt than 3 character nldth« If the cinhel eontaln* 
lecc than 3 chazaderc* then raaatinder of the arxaf It filled 
with blanhc* A cfHbol can be c«e of the followingt Identifier# 



IS 


Slash, Line end and Uhdtfineii* GEISW ptroceduse 
retons one of them aiKS In «ase s^ie^oI Is a nmi>m it also 

w>^th ths internal value of th« miatoer (i,e* integer 
repres«ntation, diseassed in Section 5,3), 


If the tysijol is a oomnand identifier, flow of the 
simulator facogram is directed to proeeAirt "CWPROC® , 
lists all commands accepted by ttei Emulator, A binary 
search of command taMe is fflide to pinpoint the toiwand. If 
a valid command is then th« case statemeht directs the 

flow of ccwtrol fo serve |/that coraand. 


Modularity of the program enables to hreak the problem 
Into smaller tasks. After tmapletliig the desired task, the 
simulator rebarns to the simulater prompt mode enttl a logical 
terBAnattim of *^e simulator is ashtd by imer by living EXIT 


as the t'Cmaii'd, 


•EX* and *Q0^ aommnds listed 111 ^ Table $,1 are for the 

Stovec^ 

sin## step or ^mtimem eractition of the pcograa ^Amded in 
tbe progxaat memory and pointed to by ^e contents of the program 
counter, Bie ED proeedere sells the execution procedure repeatedly. 
The steps tabtn by ^ sbaulator to execute instructions continue- 
ously is explained beleni with the help of floioohart shown 
i n fin, 5,2, It Is ftistased '^at the -program is already residing 
in program memory and the program counter contains the addi^ss 
from iimre tkm program beglmi.. 
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Display Program lismory 

y 

Disftatir Rofisteiii 
ixeeote On# Ins true ti<m 
Stpp Siwlatoar Program 
Gontintie ^totiiiop 

Intomipl md9 aitiye at wier defined inteiyal 
toad Program Mmmf fxm a File 
tist ail ttee breakpoints 
Orapliio repcesentation of Program f<temory 
Resove bmMik ix»iiits 

tile Trace Pdtnts 
Reset tbs PrmmB&e 
Set tbe Trace Fotiite«, 



n 



FIG. 5.? FLOW CHART OF SIMULATION STEPS 









1 ) tim e mtents of th© pro^ai mmoxf pointed to by 

til© psrograa emat&t (PC) ar© loaded into tte imtinittion 
r©gis1»3r PC i« inereraented by on«* If th® t*®«© rood® i« on* 

this PC yalue Is eotnparad ®itli low and iHi lives of tb® t»ac#/ 

setup by th© iiseir. If the Trsc® K»itie equals th® low 
addacets value than the Trace flag is set trae* If ti^ PC value 
etpals tiM address valti^ then th© Trace flag is loade false* 

If the PC value does not equal either th® low address or the 
hi^ address setup by th® ^«r for Trsc®, then the trace flag 
r«»i» ueaffet^ted* Sine© TISS 32010 instructions do not have 
a fl3t#d fomat* th® opcode is not easy to dtecod®* Ihe 16 bit 
in is aibdiirided into IRH and IBl* each of 8 bits# Exasiination of 
lUi giyes 256 choices* aany of which Ised to a particular Instrti^ 
ction, 'C^ses where i^e sane IIH points ^ msm than om instruction 
are further analysed with ^e help of IBl to fdlftpoint th® Instru* 
ction# If th® IE yalo® p^nts to an in^ecutable instnjKtion* 
then error laessag® is flasl^d on 12}® teriAiial* furHier sKeoution 
of ^ program is stopped and the simulator eomes back to monitor 
mods i Simulator psmptl^ 

2) After identifying the ^ mm statement 

f. 

i decoding routine) calls th® partleular procedure to carry out 
that instructidl# 

I) S^h iflstiMitleN of "tM 32010 is sliatlatefi by a separate 
proeedurt* The wmm of l^e procedure is declared as -^e mnnonie 
preteM hy P* to gif® a better rea§ibllity to the program* After 



th© control, has batn jwssad to th© |3rocedii3f®|> it flndte out 
th@ operand by examining im or IRL^bltb, tli® procedure then 
fetch©® the operand and tates proper action* Hi® (Afferent 
register®, raaiiKjry and status vx>rds are changed, cioclt eowit it 
ineren^nted by the required ciocit cycles and If l^e inetmetion 
needs tiw i»rds of program lasmory then PC is further incre»« 
ntid bf one, 

4) If the Trace flag is on, thentthe content® of PC^ 4UC, 
Alio, Ml I statu® 3Er0gister and clock counts are displayed on the 
terriiinal# The interrupt is aetiye by the user and the 
desired number €Kf clock cycles is set by procedure ”PIIITR*, 

When the des! red numl^r of clc^k cycles hay© elaeped, then 
interrupt flag is true and appropriate action Is takenjc^to tse 
taken on an intenraipt arOf 

Cl) Reaet IHIEimOfT flag ^ intr 

(2) Puah PC to •tank 

(3) Load PC with 1# 

fWiile deei going the IMS 3201 @ almiilatidn system foiled ng 
poinito hate haen conaid^edt 

Cl) The sdiaiilatioa ®|steia should tmely reflect ti^ 
architecture of HiS 32010 and should be able to execute the 
instruction set. 
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(2) It sh(»iXci ha¥e aufficient BQftmrd poripti®r«l, e.g, 

input ftifv cmtfwt file* plot, attached to the processor 

to carry oat tasli® encountered in speech processing, 

(3) Sufficient debugging features mist he provided for 
efficient and accumte program deyelopmnt. 

This section discusses the design of the simulator to 
meet the ahoy®. 


h blocfe diagram of IMS 32010 simulation system is shoici 
SkSU-SaE* storage loottion of IMS 32010 is Hiap»»d on-fco 

a storage location of DEC lO^kO system. The mapping is sc follow! 


WiMm 

* Data Memory 
«• Stack 


• an army 
an 



if of 144 wrds of 16 hH* 
of 4 wrds of 12 hit. 


IE, Alk>|^1l •* ansapCBit® memory location of 16 hits 
ana T segisttrs 

each haying the nsMs IE, ^10, AE and TE 
respectiyeiy. 


iff AOC and P 


BIO, m, 
irci^AEF ai 

D? 



♦ a memory location of 12 hits of name KJ 

♦ a separate mmrf location ■ of 32 hits ea#i 

♦ a separate ii«mory location of 1 bit each. 
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Pfograra itemorf 


• JNFORIO 

• IMPORT t to 7 

♦ OOXPORTS 

* OUT PORT 0 


» an &Tmf iWUSBY ©f 4096 \«ord» of 
16 6it3 ©aol^ 

- IMPUT HU 

an array of 7 wrds ®f 16 bit otch*. 
-* an array of 8 wrda of 16 bit M«h* 
• OUTHJT fil®. 


TMS 32010 has binary ropMisentation ©f all tiie words ami 
2!S 

does jL:fc®-coH^leB»nt arlthiatti#, S#t of binary naiabacs represent 
table in TMS 3201© is is«i|3|>ed on t® a set of integers. The role f&t 
repcesentation is a sli^^l# binary to deoisml eonvex^ion ml*. 

Table 6^ fivas the aappifig of so» typlaal noafeers. 


IMMr 

IMS 320 

OiMlStor 

Poi Mane (32 Ut) 

>7FFf 

fWF 

t**31 • 1 

HeiPaX (32 bit) 

> 8W 

000© 

t**3l 

+1 (32 Ml) 

> 0000 

0001 

1 

‘•I im Mt) 

>wwm 

Wwww 

2**32 ^ 1 

0 {M bit) 

>0006 

0000 

© 

Pot Ma* (16 hit} 

> 7 PFF 


2**15 -• f 

fleg*ISa* (16 hit) 

> iooo 


S^IS 

+1 (16 bit) 

>0001 


1 

(16 bit) 

> ffff 


2«Hi16 ^ 1 

0 (16 Mt) 

> 0000 


0 

TABUB 6.2 t IMxxAfkQ 

©f jm 320 words to Siamlstor Words, 



Operations of aritteetic sMft, add# »nfot 2 ®ct< and 
nailtf pi y when perforiaed using inte^r arlttoatlc need interciediate 
storage* "SCMTOT* and “TEMI* are the ■triable names given to 
these locations in the slnsilator fwog«im* 

im 32010 has 32 bit fixed point aritoetic, MCD 2**32 
is the equieaient operation wed in the siimlator program to 
tanineate the results* A 16 bit data word is sisp ext^ided and 
treated as a 32 bit word by im 32010 AUl, For this eonvexslon 
the Emulator checks as followst- 

If nui^er 2 2'*^*15 then mtnbtr « 2**32 ^ 2**16 

two mtiEhers of similar sign added if produee a result (after 

S wt>iTtxc-t40x| 

mod 2**32) of different sign then over flow is declared* Saturation i 

16 ' S 

of two fimimrs is car:^ed out by finding 4^% ccssplsment of the 
number to be subtracted and then adding it* for wultlplicatiwi, of 
two numbers# eixiolute valup ot ^He numlsers and their sign is recorde| 
After multiplying absoliit® values # if th® signs of multiplicand 
and ^0 aatltiplier «ten*t raatdi then following^onversion la 

Hesiilt • iS**32 '*■ Hesult* 


Hesult of none of the operation takes a negative valw# 
which is a fatal ciMsdltlon* 

for logliwl operations indiiridual bit of a numdser has to 
be tested* •d!W* and *mod* operations in FASGAh are useful in 
identif ying bit in an integer as follows t 

1^ bit ■ (Naidjer div* 2**1) mod 2 




Inttrrufjt tervleing is deisyed until th# end of a 
multicvoie instruction in the IMS 320t0 p««ossor* lit 
sirmilatorf each instruction is executed by entering tiie execute 
procedure,^ Hence it is good if the clocit count it examliied 

after the execution cycle is o¥er^ The e(^ation« 

OLOGiC laod HATE » 0 (5,1) 

gives the instant \s^n interrupt asrtvet* Since TIS 3201 0 hat 
multicycle inttrutiiont and interrupt aewiting has to foe delayed 
until the end of «iti®ycle in»tiueti®% equation 5,1 fails to . 
fentrate the interrupts at the rate of every "RATE*’ clock cycles* 
A solutiofl is to BJOdify ecpatlcxs 5#1 t# 

C143GK mod RATE • 0, or 1, or 2 (5,2) 

and introdui® a flag "HffiVIHTR", This flag dittingulshet foetueen 
the mmm where R,H*S* ©f ®«mati<»i 5*2 is 0 followed by 1 or 2 
amt the caaea where 0 it eliipped and R#H*S, of equation 5,2 is 
I f dlowsd by 2, , this is suffi^ent foetauee no instruction of 
IMS 32010 tabes i»se than three cycles for execution* 




Interrupt laroteseinf has to fa® delayed by ene inetniption 
in eats tbe eurrent Imtnietion it MFSf or MPVK or BIMT, A flag 
"&EiAy® It itt true idiea any one of ihe abore Imitniotion 1» 
exeeuted* This flag is reset at the beginning of execution of 
any instruction* 

The logic to geMrat® l^e interrupt is as follow i 

If CLOCK mod mm m 0 
than CD IMfSiROPT « true 

C2) PflEVlNTR • true, else 
If (cloch mod RATE « f or 2) and (PREVINTR « false) 
than 

Cl) IHTERHUPT • %3m 
(2) FREVHfm • trwl 

also MEVI^ • falsa, 

iShan tha fiat la trtt#t flat i» tal»«^ «n«i 

2NTM m 0 than ^a aimlator goes for Interrupt sartlaint hy 
pushing tha FC aalna in the stach and loading FC by 2* 
♦IJirBRRCPt* flag it rasat only than intarrupt is 
sartiaad. 


JUMi’ 

Tha dajatt coda file genamtad by the assanbler is to ba ' 
loadad into tha program aamory, Thia is aahieyad by providing 
a facility in the aianlation systam (Fig, 5Jt) * standard 

extai^iiin to Wm objact coda flla is CBl, Tha instructions for 
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attaclilng the user definecl file name to tli^ Internal file na» 
are elmilar to that ««ed for ass«*l©r and are deeeribed in 
details in Section 4*5* Standard PASCftl provides RESET (F) and 
RBWITE (F) statwient to «se external file* Extension to these 
statem^ts are available in the PASCAl tomidler need in 13EC 
system logo eomixiter at IIT Kanpijpr* The statemanfei need in 
^e simulator program to attach the «ser defined file naswa to the 
internal file is RESET (F#. File name), Sinte ei^r fiel^ eiwfti ae 
Project, Prograiaaer iniEber and proteirtioil to<fe etc* art not 
need the file is looted into the nser's area as a default mochi* 

1/Q Port^ s 

IMS 32010 provides 8 inports and 8 omtportt* The 
sSjMilation svstem (Fig* 5*$} is designed to provide adecpiat® 
facility to run application programs withcmt any constraints* 

For this ptfzpc^e IHPtET o is attached to the input file* Since 
the sice of the input file is limited by Mmory made available 
to the ifser, a good imouiit of chita can he stored* 100 blocks of 
«»rr «.n .tore\l«ond. .pee.h *t. .t 10 KH* «»pUng 
late* IJIPORT I to t are provided as H hit registers* Provision 
is made to load the dita into the l^ort t to T from tt» TT¥« 

i 

The CRIMRT 0 of the simulation system is desired as the 
OUTPUT file* Cnts outputted to PORT 0 are written into the 
OIITPIIT file in nsesfs axes* OUTPCHT 0 to T are simulated as an • 
array ©I 8 words, 16 hit «N|h* These porla tm hi inspected by 
the ueer. It aey he i^ed that the data written on OUTPORI 0 
ej^ier in ^^e OUTPUT file as ismH as In the OUrPORT(O) of 
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S»3.6 PLOT I 


In spt^th proetsstng ap^licntinn* often a plot of th# 
data tomeifyst mor® acwning than Jwat the niiaerieal ^Inea. 

A need was therefor® felt to design the plot faeility* 

"PtCET® oanmnd prochites a ylsi»l indleatiim of the 

values of program memory. In IMS 320t0 if^Meations^ a felook 

of data may reside In the program mmxf^ Th® pressed | 

data is pit batk In ^e program maowry, A tyidLeal applioatlon 

may he FFT# Autocorrelation Ayerag® Hagnltnd® I^fferenoe Punction | 

(AMDF) of a hlooli of data* Plot procedure Is dealgnod as folloeiil 

imisdber has a xan^ from 0 to £5S$jF« Doefn sealing 
by a factor of 820 gives range 0 to 80 idtieh san he repre^ 
tented on a terndnal with a vddth of 80 Chirsetext* To plot 
the gssifhit and "HICIF limits of *^e Progfw Memory address 

are set by the nser. To start wlth« VC Is loaiM th® low 
value and Progr^ Memory oontents of IlMI location polRtei! to by 
the VC are fetihed* This is doiwissaied as ^sentsed earlier* 

The down staled namber Is deereiEmited initil It betooss rero* 

At eath ftotrement* a blank ts written on tlw» ^tpHt file* usOien 
th® downstaled uniber beeaaes lero a Is written on the Mrtpnt ^ 
file* is ineremanted^ and the steps listed above are tarried 
out until the PC reethes the "lECiF n^lue prowl did by the user* 

The MM f^lity uses the output file to store the grailiiea^ 
refoesentatioa* ttnklng of the OTTPORT 8 to the OOTPOT file 
and iMe of MM toaeiiiid ^imot be dime similtanemisly* This is 
not « <hcesi»atfc elaee In usual prettiee if ihe user takes data 
frcm prc^pnn ntmetty then he returns the result also to the program 
nwaarfl Ci*e* Progmn Me nory sets as a source of time deponent 




5.3 *T 

During the cewr«e of eseeutioUf different register 
contents do change according to tJie program* For debugging 
and efficient program developasnt It wm thoucjit to pcovlili 
a facility by idilcli user is made awtre of these chafes at 
ewry instmction. As ^own in Fig* 5^ the IRACE bloc Is does this 
function. A Trace flag ^THFtGP is set sdien the user opts for 
Trace facility by tssing “SETTBACE” fowtand* Low address and High 
address prodded by the user set the begin and end of the Trace , 

I 

'V/^en the FC value chirlng execution sKiuals Ihe leu addresst another 
flag ^FLQT!^ is set Tiu% aiKi ihen the FC value during execufeloii 
eguals the address the flag “fyilW is set false* As long as 

tvu^ 

the flag "FbOlH" is Msag^ trete is dlsplaiM* The "THFLC? flag 
set tiue by the SEI-TiACE coimasnd ten be cade false by REMTEACE 
tosmend thus disabling -^e trace* Registers uhich are shosm on 
the temlnal Airing trace are ♦ ACC# ABC, ARf# status and 
number cumulativs ^ cloch cycles* 




A ipirf useful part of the TME $20 simulatifm system 
of Fig* 5,3 is deposit and display blocle* It acts as an 
interface betuiMia the m»T and ^e processor* Deposit facility 
has been designed to store user defined values la Frogram Ummy, 
Qata Uemory# In Forts f to f# and vadouf registers such as FC* 
AOD* FRf ARO* ARf * IR aiul IR* This gives the user enough 
Cemani to control ^e processor manually* Display facility 
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ditplays data fron Program Memory, Data Memoryi, oat Ports O to 
7» and varicas registers such as ARO^ ARt, IE, PC, ACC and 
HI, The display facility allows the aser to Inspect mirious 
locations #)tch iisualiy earmot be li^ pasted on a hardware system, 

5 * 3 ,^ 

llitn program is contincottsiy executed it Is seme tiMS 
necessary to temporarily suspend the program execution and use 
the die play/ deposit commands t© examine the contents of different 
lections are itsiially i^t ayailii>l@ by the Trace, and/or 

change the contents of tldlfferettt registers* This Is dtoiMi by 
providing break points to the simuXation syittm nji Fig* 5,3, 

Break points are repr^ented by an array “il^CPT* of 
boolean yariable, Thtm^ are 40g5 break point flags# each cor res* 
ponding to one program memory locatioii, Mrs of the break table is 
i and is arranged as a record* • thm at memt i different break 
points can he sit* a break petnt is m% at a particular 
program memory location# the entry corresponding to that location 
in “MCfT" array is madto true* Darlag program execution# exwtion 
is suspended if the ’’K^KPT* flag «>rrt8 ponding to that FC yalue 
is 

Fmcility is proyi<i^d to list the break points and - 
rernose the break potnls# Rtmoeal of break points is achieved 
by sealing the •BEKH" array flag correspoixSing to the desired 
loiatima as falsa# Ssl^tiye ^ertioa mA remoeal of breakpoints 
hslps the user aorkjiorlr" iffiaieiitly with @ break points* 
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5*4 spicm FmimEs 

Cl) Duxiag pro^zam dtirel^poient, tite ttcatepi of laoc&tlar 
prograisiaing is strlotly adl^sod to« Eaeh instmotlon is simlatod 
by a separata proeadbra, Othar seivi«as» Mila datodittft 
address ftaloiilatlonig ovar flow dateoticsi ate« are Mihiavad by 
separata faooedpras, 

(2) Adeqfuate dcjtwe^iitattow. fasillty Is provided In 
■Wbie siwrte program to explain the writii^ of simulator in 
genas^JL and oonstituent subroutines in particular* 

(3) Particular empfeasls la given to ensure that tbe 
sisftuldtor tai&ts a sdniwl path in simulating instructions* tise of 
Ck$& stat^n^t available in Pf<SCM, for instruction decoding help to 
this -sod# 

(4) Addition of new instmctions is not restrictml by 
the siawlator. For addition of each nmt instfuttt 0 % a little 
iflodification in ^ CASE stateaent is neeiW to identify tfiat 
instruction and another procedure is to be added to eaecute tlie 
instruBtiofl* 

(5) Total nesfeer oi alotl: cytles the program r©<pii»s for 
^etution is aalaulated to give the mer an idea of actual eitecutl<^ 
time* 

(6) Mmfag iieeiages ai^ error miages are flashed 
on 13te tentnal* PC lecatiiMi ln<aaestion is also given which 
helps the in progrta developBent* 
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(7) Reasoaabl# asmint of dtfoiiggiiig facility is 
pecovidad to let the «ser knoa^s^dify Intenaadlate rewiilts, 
mmtf eonteinsl*, registers etc, 

5,5 TO USE 1HE SIMULATCM 

> 

Mmn the aiisilator Is lun* a ’T*’ prcwpt eharaotiw appear* 
on the teradnal. The user ean choose any of the ocfflEands listed 
in ooaiEiaiKl table (Table 5,1), The facilities provided by tim 
slanlatiir can be combined in following groapel 

1 , Deposit ai^ Display Pacilltie* 

2, Trace facilitte* 

3, Breah Point Factlltiee 

4, Execution Facilities 

5„ Mistellanec^is Facllltte*, 

I^e of these sinwlator facilities is explained in details 
in the following stdisecticHR^# Most of ths conversation betnsen 
ihi alwlator and '^e nser is intersitive and ohviovs. With a 
little effwt on® can know how to nse the siwilator. In the followti 
discnssicxi CE means carriage xetnm. All nuia&ric values aeoepted 
by the sionlator are in hexadetimsl notation, Message typed 
by slniilator on the terminal screen is enclosed by • » * 
character. 







gliran 

•>* DISPECSG aat CR | aaa « ptogram memory ad<it«8« 
•aa^dg^d^d^dij* CM I starts dispXaftaf fTia ««a 
•«aa+/si|d|di^d| Ol | tontliiye disi:^y&fig 
»aaa+!v^dj^<S^dj,<^V CR § c<»e® oyt ©f ttils session. 


below, 

•>• mpima © 

V • ftoVo^o 


Model sessicsi for tliis ©emnend is given 


CB| a » post addxewi, 

di^mited t» IK port a 

CM I tonfcims depositing in std^sequent IK porla 
CR; ©cues ©f tMs seasioft, 

I iiodel aeasi(M for this ©cnaind Is glyan btlowi 


♦># DISPORT a CR I a «» pert address, 

•V VeV*’ =» » 

•■4l/(Ld,4,il,' CR I (ttaitlay •cntliMwt 
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- D5.splay Register© 1 One of itoe registers tm be displayed at « 
time. The registers that ©an be displayed are AHO, AEI, TR* IR, PC* 
ACC and PR registers. Since ^es# i^isbtrs xm ef Afferent lenflli' 
the output displayed is of appropriate length. Model session for 
this coisffiand is given belowi 


*>• DISREG R I E is the register abbreviation given ab 

* R/^** I D « contents of the register 

f Simulator prompt c<m»es back autometicalJ 


^Denoelt realste^i One of the folloAng registers can be deposited! 

I 

Ath the appropriate data value* The registers are ARO, ARtu TRg j 

IR# AOC^j PRg PC, ARD, DP, BIO* Model session for this camiiand is 
given belovit 


»>» DEPREG R I R t« register abbreviation given above 

»R/* D CR I i * afjipropriit® data 

*'>* I . Simla tor prwpt tomes batk «it(»»ititai: 

* 4418 i^ t Prograie tan be loaxtod autmetically in progxam mmory 

fron the user defimd file, Ihls file mst be present in the user 
area with an extension OBJ, Usually, asseirbler discussed in 
Claipter 4 prothsies this file* PC value is autc^ttcally set by the 
f9seu<ib*^peraticm present in the first line of the source 
program. Model aeasion for load is given belowi 

*>• iCMD C3R 
•GIVE'oBJ niB MAMSi • FII* 

*>* I iiaiilator prwt t<»i8 autouaaticaUy after loaAng, 





Ccmtents of ^ffexont registoxs and BitiBorf looatioiui 
cannot b© nauaIXy observed uniesa specific action is tafcen as 
described earlier. Trace facility enables ^e cser to read 
tise contents of lapoitant registers udiil© tbe progran is being 
exited. It is very helpfni in application piogs^ developiient, 
A display of PC, ACC, AR©, ARi , states bits and dloil; cycles is 
provi^d when trace is set, Bie siiaslator provides tbe following 
trace facilities* 

•set Tracei Trace can be set between tbe two PC valwes. Daring 
program execuUon vtten the PC valti^ reaches the lower limit of 
the tTOCe valt3», ittie simulator starts displaying ibe contents of 
.the inportant registers menttoB^d earlier, li^n daring program 
execution the PC velae reaches hi# Mmlt of ^ trace the 
simalator »%op9 displaying the cixslents of varioimi registers* 
Model session of settxace is given below, 

•>• SBITRACB m 

*JUMI * I. GE I User, provides ^e lower limit S» of the trace on 

^e irr, 

I * H CEi ^er provides hl^r limit H of the trace 
on ^ Ilf* 

« Emve tsatei The trate set by ^ ^TTBACE CMmand can be 
removed by this emmimAd, Mo<^l sessioii esing this command is 
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Tm€@ fmilitY @xpiaifi«d earlier giYet a XiMi^d 
affieent ef iafermti^m to idi@ user* Tlie lireak poiinit fMiXity 
aliom the m»T to eetup uipto a maxlmim of S bMak poiAti« 
lists the break pointa and rernoiees'i^ break points* Bxeetilioii 
of the program is suspended utiep a break point is mat* The 
user San insptet and/or aiter th» iittemaJL registers and both 
program and data memories* W5.th the help of Ihe fasiUtits - 
listed in 5*6,1 , At the break point “ttie program retnwis In the 
simlation mode and simtilator proi!^ oharaster ai^ars on the TTY* 
Thus all the faellities emigrated in Seotloo 5*6 are at the wser*« 

S 

disposal* Break point f aoilttiepi axe giren beloim 

** Set hreak points! A maxisiim of S break points tan be set up* 

Since the break points th«ise3r@s ©an he setup or removed nhen a 
break point is met this limit on maxioRia mahe* of break points 
is sufficient to test a progma af mf coa^^city* Ihjdel sesslim 
to set break points is given helon* 

•># ^ Bl B2 *** OR* Seta br^k points at PC locations B|,Bg 

• Eemove teeak points! liter can romm all tko break points togethM 
or osM selectively remove the break points as per iiis follesdng 
session exsi^la* 

• 7 * REtimic Remotes break points at Bg at©* 

seleotltely* 

• >« RBIIBRK Remfves aM the break points* 

^ Hit tk0 tmmU polnksf Bf thle acssaand the user ©an list the 
break polnle. entered in the break point table* ihidel session is 




07 

♦ > » LSTBRK m t 

The siBRilator profiles pptic® ©f «iii#e stepping or 
contlraiows execution. Interrupt tmUitf also is mroifided in 
the siiaulator to register "^e interrupts at user 
interval# These exeautlon iaaiUtles are given t^lowt 

Single Step fixecutioni 'Bie siawlaior ««eautes on® Instruction 
and returns to the sisRilator prca^tf enalalliiig the user to use all 
the debug facilities* Excoiple for single stepping is giwn belows 

*>« MM. CR I Executes cut ii^truction and tcuaes bach to 

sinBUlator proii^t* 

Continuous executiwi In continuous execution laode the 
f iiaulator contini^s to exec tile ^e prof ran until a hreat point i 
mt or an error has oeturred during prograffli execution* Exaiaple 
for continuous executic« Is given belowi 

«>» GO C?h| . 

^Execution with interrupts* Is presided idth the fadlitf 

to generate the interr^s at a given rate* Model eeasion to set 
up ^e Interrupt is given belowt 

♦> • llHh m$ 

*AT OtOOv IfUBiVAlSl * ^ ts ^e mnitw»r of eloch CfSftet 

after nfilch Interrupt Is i^atxtted# 




m. m&lMmms 

•JBxitt On© can atop ^© ©imlatcr bf SXfT 

coining* An ©scampi.© it l>©lpws 

t > • mtt 

•4P10X I Bits fatiiiiy ©nafetas tli© user to plot til® 
contonts of piogram momory In ils® oiitpMt fit© In 
pser*» art® ,* Bi© program mamory can b® plottecJ* 

Staling is don® in snob a nay tlmt tti© maximuRS 
positiv® and sdalmwa nsgatif© waatoaxs ax© xoiarasenttcl 
by abott 40 cbaxatttx spattt ©nabling tfe® »bol© plot to 
b® sotn iKltbin ®0 lliwS i A mod«l aissl^ws of plot 
command is sbomt b«lo^ 

*> « aor m . , 

t>* I *1 osar .# 1^0 1^® .lonox Msit of progxiMi 

momcary 

•HKH* I *11 psox giyot tb© higbox Hadt of progxai 

immoxy^n 

Modol iootion on Simalatox fox fft OpsiputatiiHii 
li ibonii* 
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MODEL SESSTnM 


9 9 


XECUTE M.REL 
NKt Loading 
NKXCT H execution] 


LOAD 

VE OBJ FILENAME t FFT8 
SETTRACE . 
lU I D7 
GH : D9 
BRK 108 
GO 

:tOD8 ACCtOOOO 0002 AR0»O005 ARltOlFF STATUS* 10010 CLK* 2681 

;:0D9 ACCtOOOO 0002 AROtOOOS ARliOlFF STATUS: 10010 CLK: 2682 

)TA ADDRESS OUT OF RANGE AT USER PC:0D9 

::ODA ACCtOOOO 0002 AROtOOOS ARltOlFF STATUSt 10000 CLKt 2683 

:tOD8 ACCtOOOO 0004 AR0t0004 ARltOlFF STATUSt 10010 CLKt 5047 

:tOD9 ACCtOOOO 0004 AROt0004 ARltOlFF STATUSt 10 0 10 CLKt 5048 

^TA ADDRESS OUT OF RANGE AT USER PCt0D9 

:tODA ACCtOOOO 0004 AR0t0004 ARltOlFF STATUSt 1 0 0 0 0 CLKt 5049 

:tOD8 ACCtOOOO 0008 AR0t0003 ARltOlFF STATUSt 10010 CLKt 7261 

:tOD9 ACCtOOOO 0008 AR0t0003 ARltOlFF STATUSt 10010 CLKt 7262 

AT A ADDRESS OUT OF RANGE AT USER PCtOD9 

CtODA ACCtOOOO 0008 AR0:0003 ARltOlFF STATUSt 10000 CLKt 7263 

CtOD8 ACCtOOOO 0010 AR0t0O02 ARltOlFF STATUSt 10010 CLKt 9399 

CtOD9 ACCtOOOO 0010 AROt0002 ARltOlFF STATUSt 10010 CLKt 9400 

ATA ADDRESS OUT OF RANGE AT USER PCt0D9 

CtODA ACCtOOOO 0010 AR0t0O02 ARltOlFF STATUSt 10000 CLKt 9401 

CtOD8 ACCtOOOO 0020 AROtOOOl ARltOlFF STATUSt 10010 CLKtll499 

CtOD9 ACCtOOOO 0020 AROtOOOl ARltOlFF STATUSt 10010 CLKtll500 

lATA ADDRESS OUT OF RANGE AT USER PCtOD9 

CtODA ACCtOOOO 0020 AROtOOOl ARltOlFF STATUSt 10000 CLKt 11501 

'CtOD8 ACCtOOOO 0040 AROtOOOO ARltOlFF STATUSt 10010 CLKt 13580 

'CtOD9 ACCtOOOO 0040 AROtOOOO ARltOlFF STATUSt 10010 CLKtl3581 

lATA ADDRESS OUT OF RANGE AT USER PCtOD9 

CtODA ACCtOOOO 0040 AROtOOOO ARltOlFF STATUSt 10000 CLKt 13582 
)ATA ADDRESS OUT OF RANGE AT USER PCtODF 

Jreak-at-user-pct 0108 

> PLOT 
-OW t 00 
HIGH t 7F 

> EXIT 

EXIT 


*irv i"rrii nr 


mmmm 


Th® oloHlAtor t# a ttstfy^ tool to di^elop and t®»t tlio 
program* Thlt aimilator l» vary in daw loping aignal 

prooaaaing program® to pe mn on tM 3201 ©♦ Randomiaatiofi of 
Intorxupt is not done purposely Oeeausa in speeoli processing 
application® tlie interrupts occur at regular intervals# Ttii® is 
in conformation Wltli tiie stimlitojr supplied fey tfee manufacturers 
of IMS 32010* Oocuroenlatlon is provided in tlie simulator progrw 
to understand Its warMng# M present* Hie output file in 
users ares is used for two purposes# Out put file arts as 
OWrPORT 0 and also gives tilt plot ^ program memory* It is 
possible to work out wdtfe-tfets arrangement. Ifeita Is eltlier stored 
in tlie program memory and out putted In tfee program memory* 
or else data is stored in tfee Input file and result of prosissinf 
is outputted In ^ output ^1% 



BEFER£WCE| 


Tfifxa# Instnpatntti "“IMS 32010 tlsaT*« 

Revision A* Nov* 1983* 

Nirraal Roberts et al** *'6S02 Sismiator and 
C,S, ^eptt** III Kanpar, 3mst 1986* 

B* Dash# ”M 68000 Siiawlatioii S%t9## M*T©oh# Thesis# 
C*6# D©|>tt*# ITT Kanpur# Awg* 19^ * 

T,V, Sreenisvas# **Siiat*iatioii of a Prooraimable 
Processor”# Sig?kl Processing 6 (1984] pp* 135^142* 



6.1 iNpjaismoi^ 




An extensive testing ef tfee asseaiiies' end si®tilAteat 
progiaiM Is «emed out wltli mth individual instructioiw; 

In Qjcd&T to genertte i»fe oonfidence in tli® systeffi>ar!?^a few 
immh mtk Isgnegralsohave also been tested* By tfee benth 
taark programs eoweettiljliit of tbe siouiator Is «b©e&ed* fixaet 
tiiais ©an be obtained by thett t© ^dge tb© real tiioM^ progtanw* 
An entieliasl'ng dig! .tel filter 0] end FFT ptegraa for 64 
point complex data [f] are im|)l,«©nted <m tMS 320 ©initletor* 
Seetfion' '6^.S|! gives the details ©f 4i|^tel filter implsnentatioft. 
Filter s pacifications ^ design ®q[»tle«s pro^graa flow chart# 
aasenblwr' output listing and tfc# response end stsflp 

respoMse of filter are given* gfeet|i^:4^ give# the 
program. Progpram Ascription# flow chart# asseafcler lisiii^t 
tha FF'T of real symraetria S point ttpare wv® and Wf of a 
sVOTaetri© two imaginary points is give# 

cd^luaiM# 

S.2 oianAi. Etifra n^mampii 

Til© filter speoifications and Aal^ equation for 
the digital filter are 'ta-feen from CO reposatoced below* 



4 v^-' 


filtag.,, SpeelfieatieiMi 

Saaipl® f requant r ( ) f 0 KH« 

Corner fxequanof (f ) t KHr 

Attamatlon «i f* 

% 

Attanuatiwi »t t *a *15 

Pa«»band ripple db 


6»2*a 

1 

The HR filbir for tbe $p&eificatlons of 6*21 if « 
t7 tap digital filter* The differaiiet tcjiatlon is 

y(n) = -^547 x{n) + 51C9 *(n<*1 ) -f 72^ a£(n-t) ^ 3367 x(if^) 

3683 x(fi*4) #■ 4$m xin*^) + 6707 *(n-^) + 2427f *Civ»7) 


4 32767 x(iiw8) + aWf s^ n-^) + 6706 x(ft-tO) -*• 4860 xin*!! 
-^685 x(ii*i2) 4* $661 r(n-13) + 7247 x(a^14) 4 x(n-l5) 


7347 x(n~16) 
17 


na4 


ij^ii * 3C^# * Gonatafit for tap n* 

«* data ealee at tap 


6*2*3 giew.C^yi pi 

•Hie fl<m.<Eagrw for the a$saiifelv lengwag# program to 
impleaent the above filter t» glwe i« ej*_6J .SoRetanta are 
defined In the program mworf tram legation 1 W onwardt* Iheai 
ionatanti art read into date mmtr loeatior® 0 to 16* t^ing 
TBUR iastreitloH.t A| aehlevcs tWa leading* Tba inpmt data 





ACC = I024 } AR0 = 16 ^ AR1-0> 


DATA (AR1) = PR0G (ACC) ; ACC =ACC*1; AR1=ARl+ll 
AR0 = AR0-1 ‘ 


A1 LOOP 



DATA (17) s INPUT >AR0s33 j AR1 = 16 
ACC = 0 ; PR=DATA(ARO)N DATA (ARl) 
ARO=ARO-1 ; ARl = ARl -1 


TR=DATA (AR(» ; DATA (AR0*1)= DATA (ARO) 
ACC = ACC + PR } ARO =AR0-1 
PRsTR N DATA (ARl) 

ARl = ARl-1 



DATA (34)= ACC J OUTPUT s DATA (34) 


FI6.6.1 DIGITAL FILTER PROGRAM FLOW CHART 










^ ^ ^ ^ 
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FIG, 6.3 • IMPULSE RESPONSE 
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ORG 

128 




080 

2 


LACK 

1 



: 

081 

3 


SACL 

127 




082 

4 


LT 

127 


»TR=1 

) 

083 

5 


MPYK 

1024 



1 

084 

6 


PAC 



»ACC=START ADDRESS FOR 

5 

085 

7 


LARK 

ARO 

16 

JARO AS LOOP COU 

3 

086 

8 


LARK 

ARl 

0 

A 

f 

1 

087 

9 

Alt 

LARP 

1 


JLOAD CONSTANTS* 

0 

088 

10 


TBLR 

*+ 

0 


F 

089 

11 


ADD 

127 


JINC ACC BY 1* 

0 

08A 

12 


BANZ 

A1 



7 

08A 







1 

08C 

13 

A2J 

IN 

17 

PAO 

J INLOOP* 

1 

08D 

14 


LARK 

ARO 

33 

fARO POINTS DATA ARRAY* 

0 

08E 

15 


LARK 

ARl 

16 

»AR1 POINTS CONST AND U 

!9 

08F 

16 


ZAC 




10 

090 

17 


LARP 

0 



*1 

091 

18 


LT 

*- 

1 

rTR=X17 

*0 

092 

19 


MPY 

*- 

0 

rC17*X17 

)0 

093 

20 

A3: 

LARP 

0 



>1 

094 

21 


LTD 

t- 

1 

» ACCUMULATE AND SHIFT 

}8 

095 

22 


MPY 

* 


JMULTIPLY 

)0 

096 

23 


BANZ 

A3 



?3 

096 







3F 

098 

24 


APAC 



JSUM OF PRODUCTS TO ACC 

7F 

099 

25 


ADD 

127 

14 

J ROUND UP* 

22 

09A 

26 


SACH 

34 

1 


22 

09B 

27 


OUT 

34 

PAO 

» OUTPUT* 

00 

09C 

28 


B 

A2 


JGOTO IN LOOP* 

8C 

09C 







00 

400 

29 


ORG 

1024 



87 

400 

30 


ZEQ 

- 754! 

5 5109 

7247 3667 - 3685 - 4868 

F5 

401 







4F 

402 







:53 

403 







.9B 

404 







;fc 

405 







^33 

406 







:ii7 

407 







•TF 

408 

31 


ZEQ 

32767 



:d7 

409 

32 


ZEQ 

24279 

6707 

- 4868 - 3685 3667 7247 


40A 







:fc 

40B 







19B 

40C 







E53 

40D 







C4F 

40E 







3F5 

40F 







287 

410 








ASSEJ/BLER LISTING FOR FILTER PROGRAM 



read into data mwmf and the filter equatien is aalcalated. 

By starting aonataiits at lousaticii zere ln^ data »eiaery thft 
pointer for constants, ARt is ais® as the loop cminter 
(Loop A2), LTD instmetion is he» eery effectively* 

It doos the following fimctionsi (a) loads T register, 

(b) Accunailates pBrevtons. product , (e) aovss data ffleraory, 

(d) chonges ARP, Details of the data siemory location weed for 
intermediate comptitation is #yen belows 

, . C 

Data (U) to Data (14} t Filter Goefftoients Gt to^^flT 

** Data (17) to Data (33 )i fniait Samples to K17 

•• Data (34) s Digital Filter Output* 

4*2 ,'d', 

Step response of the filter to a step of >2000 
It shmwi in Fig.* The response satnimtes to the siia of 

the taps wel#tfd by ^e step after IT samples* ‘Oie Impnle# 
response of the fUter I* show in Fig* 4*3. The oetpnt of ■ 
the fl&ter dies dosw after IT saiiiiee.* The fwnaber ohtaliied m 
the ouitpnt file are recorded in ^ program memory* Plot fatilH 
Is then naed to ^t Fig^* 4*1 and Fig* 4,3. The pogrom needt 
gs docli cyC'lee to ^tprt mm saapl## 

CoUev^Tnkey hadla*^ Decimation In -frequency IFT' 
program is mn m the slimilator* The program i» for 44 point 
«o«pleii inp«t data-* However* It li general ewm# to accommodat 
FFI' of any el»e profided# Shi «in/®os table of suitable length 



a Ho scaling i® acx^ on tJtt intesaediate value# In 

ilie program^ Oats axe atstned to |» stored in tke prograa 
memory before the program eacecttion. they are stored ftm 
location 0* the sin and cos taMes are also stored in the 
program meimwy* They start fttm location 10^4* The progra® 
starts from program memory location Its* 


6^3,1 liagraffl Aatriotion and Fle« 

The sigimkl flow diagiem for FTT tcmiimtsttons as applied to 
write the atsenbly langua^gs profram Is ^iPtn in Fig„ Data 

memcrry locations on pa^ 0 are used for computstlons and for 
storege of intermediate results# There are listed in-Tabie 6,1# 
Data is arranged in such a way that ^e real part of the complex 
input is followed by the Imaginary part# Slti-and cos i^lues are 
need for half cycle only# Sit«se theiw Is an oterlap b^msw 
Sin and cot tables# a storage of SII/4 values Is sufficient to 
compute the OT of H points# loop A3 computes a siit#e butterfly. 
Butterfly operations are depicted in an inset in the flow chasrt 
of gjg#' ^A* The A2 loop updates ihe theta values (sin and cos 
fuiptions) whereas the A| 1^^ is for the nodal computations. 

The output whiah appears la the bit reversal order is bit 
revprsed to appear in !ii,tu»al order. The result thus is ava Habit' 
in the same profraa memory locati«i» ^^ere the data were stcaed. 



^ \KJ 


TABLE 6*t 1 Data Mwa^ry AlXocatieR f ®r FFT Coiaptttatioii# 


U)CAT10N 

VAUIE 

•OCBISEIir 

0 

X(I) 

kgx&f yalTia X(l) 

1 

%1) 

Array mlm 7(t) 

2 

X(L) 

An»y Valyft X{t) . 

3 

V(t) 

kxmy val«ft V(L) 

4 

30tT^ 

Ttiatrtitf * real part 

5 


Temporary •* imaginary pert 

6 

T 

first i«rfe» 

7 

L 

setoncl tmitr 

8 

Cdf 

li€d61e fat tor - reel pe.rt 

9 

Silt 

tvi&Mls fatter ^iBaginary part 

10 

1A 

Index to twiddle factors 

It 

IE 

Inereiaent to lA 

12 

64 

Oentaina yalii® li 

13 

16 

Qontains mlm 

14 

m 

Imremenfc to I 

15 

m 

'Separation of 1 am! L 

%$ 

j 

Loop tcemter 

17 

t 

tim^rltai 1 

It 

1024 

Cotffitient talfte starting points 















FFT PROGRAM 


> 

080 

1 

) 

080 

2 

L 

081 

3 

L 

082 

4 

5 

083 

5 

1 

084 

6 


085 

7 

E 

086 

8 

2 

087 

9 

0 

088 

10 

E 

089 

11 

C 

08A 

12 

F 

08B 

13 

C 

08C 

14 

D 

08D 

15 

5 

08E 

16 

1 

08F 

17 

iF 

090 

18 

rE 

091 

19 

IF 

092 

20 

!9 

093 

21 

)A 

094 

22 

.0 

095 

23 

)F 

096 

24 

?8 

097 

25 

L2 

098 

26 

)A 

099 

27 

59 

09A 

28 

5D 

09B 

29 

58 

09C 

30 

OA 

09D 

31 

OB 

09E 

32 

OA 

09F 

33 

10 

OAO 

34 

06 

OAl 

35 

06 

0A2 

36 

OF 

0A3 

37 

07 

0A4 

38 

'06 

0A5 

39 

’00 

0A6 

40 

111 

0A7 

41 

'01 

0A8 

42 

)07 

0A9 

43 

'02 

OAA 

44 

)11 

OAB 

45 

703 

OAC 

46 

)00 

OAD 

47 

502 

OAE 

48 

504 

OAF 

49 

102 

OBO 

50 

500 

OBI 

51 

501 

- 0B2 

52 


ORG 128 JPROG STARTS. 

LDPK 0 JDP MADE ZERO. 

LACK 1 fACC=l. 

SACL 17 »DATA(17)=1. 

SACL 11 JDATA(11)=1. 

LT 17 fTR=l. 

MPYK 1024 

PAC JACC=1. 

SACL 18 »DATA(18)=START OF COS TABLE. 

MPYK 64 

PAC 

SACL 12 »DATA(12)=64. 

SACL 15 » INITIALIZE N2=N. 

LAC 12 14 

SACH 13 JDATA<13)=N/4. 

LARK ARO 5 »ARO CONTAINS K COUNTER. 

Ai: LARP 1 »K LOOP. 

LAC 15 15 

SACH 14 1 fNl=N2. 

SACH 15 JN2=N2/2. 

ZAC 

SACL 10 
SACL 16 

LAR ARl 15 JARl CONTAINS J VALUE. 

MAR *- J START AT N2-1. 

A2t LAC 18 »J LOOPf TABLE IS FULL SIZE. 

ADD 10 

TBLR 9 JGET TWIDDLE FACTORS. 

ADD 13 
TBLR 8 
LAC 10 
ADD 11 

SACL 10 » INDEX TO TWIDDLE FACTORS. 

LAC 16 1 

SACL 6 »I=J (DATA ORGANIZED AS REAL - 
A3: LAC 6 5F0LL0WED BY IMAGINARY) 

ADD 15 1 rL=I+N2 
SACL 7 
LAC 6 

TBLR 0 »X(I). 

ADD 17 

TBLR 1 ?Y(I). 

LAC 7 

TBLR 2 fX(L>. 

ADD 17 

TBLR 3 »Y(L). 

LAC 0 J COMPUTE BUTTERFLY 

SUB 2 . . 

SACL 4 »XT-X(I) X(L). 

SACL 0 JX(I)=X(I)+X(L) . 

LAC 1 



114 


6700 

0E7 

101 


TBLR 

0 

0011 

.0E8 

102 


ADD 

17 

6701 

0E9 

103 


TBLR 

1 

2007 

OEA 

104 


LAC 

7 

6702 

OEB 

105 


TBLR 

O 

0011 

OEC 

106 


ADD 

17 

6703 

OEB 

107 


TBLR 

3 

2007 

OEE 

108 


LAC 

7 

7D00 

OEF 

109 


TBLU 

0 

0011 

OFO 

110 


ADD 

17 

7110 1 

OFl 

111 


TBLW 

1 

2006 

0F2 

112 


LAC 

6 

7D02 

0F3 

113 


TBLW 


0011 

0F4 

114 


ADD 

17 

7D03 

0F5 

115 


TBLW 

3 

200C 

0F6 

116 

A6J 

LAC 

12 »N0 SWAP, 

5010 

0F7 

117 


SACL 

16 »J=N. 

2007 

0F8 

118 

A7: 

LAC 

7 JIN LOOP, 

1010 

0F9 

119 


SUB 

16 JIF L>=J THEN 

FAOO 

OFA 

120 


BLZ 

A8 

0101 

OFA 





5007 

OFC 

121 


SACL 

7 JL=L-J 

2F10 

OFD 

122 


LAC 

16 15 

5810 

OFE 

123 


SACH 

16 JJ=J/2, 

F900 

OFF 

124 


B 

A7 

OOFS 

OFF 





0110 

101 

125 

A8J 

ADD 

16 1 

5007 

102 

126 


SACL 

7 JL=L+J, 

2006 

103 

127 


LAC 

6 

0111 

104 

128 


ADD 

17 1 

5006 

105 

129 


SACL 

6 » INCREMENT I 

F400 

106 

130 


BANZ 

A5 

00E3 

106 





7F80 

108 

131 


NOP 

JSET BRKPT, 

7F80 

109 

132 


NOP 


♦400 

400 

133 


ORG 1024 

0000 

400 

134 


ZEQ 

0 

0C8B 

401 

135 


ZEQ 

3211 

18F8 

402 

136 


ZEQ 

6392 

2527 

403 

137 


ZEQ 

9511 

30FB 

404 

138 


ZEQ 

12539 

3C56 

405 

139 


ZEQ 

15446 

471C 

406 

140 


ZEQ 

18204 

5133 

407 

141 


ZEQ 

20787 

5A81 

408 

142 


ZEQ 

23169 

62F1 

409 

143 


ZEQ 

25329 

6A6C 

40A 

144 


ZEQ 

27244 

70E1 

40B 

145 


ZEQ 

28897 

7640 

40C 

146 


ZEQ 

30272 

7A7C 

40D 

147 


ZEQ 

31356 

7089 

40E 

148 


ZEQ 

32137 

7F61 

40F 

149 


ZEQ 

32609 



115 


7FFF 

410 

150 

7F61 

411 

151 

7089 

412 

152 

7A7C 

413 

153 

7640 

414 

154 

70E1 

415 

155 

6A6C 

416 

156 

62F1 

417 

157 

5A81 

418 

158 

5133 

419 

159 

471C 

41A 

160 

3C56 

41B 

161 

30FB 

41C 

162 

2527 

41D 

163 

18F8 

41E 

164 

0C8B 

41F 

165 

0000 

420 

166 

F375 

421 

167 

E708 

422 

168 

DAD9 

423 

169 


ZEQ 

32767 

ZEQ 

32609 

ZEQ 

32137 

ZEQ 

31356 

ZEQ 

30272 

ZEQ 

28897 

ZEQ 

27244 

ZEQ 

25329 

ZEQ 

23169 

ZEQ 

20787 

ZEQ 

18204 

ZEQ 

15446 

ZEQ 

12539 

ZEQ 

9511 

ZEQ 

6392 

ZEQ 

3211 

ZEQ 

0 

ZEQ 

- 3211 

ZEQ 

- 6392 

ZEQ 

- 9511 


CFOS 424 170 ZEQ 

C3AA 425 171 ZEQ 

B8E4 426 172 ZEQ 

AECD 427 173 ZEQ 

A57F 428 174 ZEQ 

9D0F 429 175 ZEQ 

9594 42A 176 ZEQ 

8F1F 42B 177 ZEQ 

89CO 42C 178 ZEQ 

8584 4211 179 ZEQ 

8277 42E 180 ZEQ 

809F 42F 181 ZEQ 

*000 000 182 ORG 0 

1000 000 183 ZEQ 

0000 001 184 ZEQ 

1000 002 185 ZEQ 

0000 003 186 ZEQ 

1000 004 187 ZEQ 

0000 005 188 ZEQ 

1000 006 189 ZEQ 

*078 078 190 ORG 

0000 078 191 ZEQ 

0000 079 192 ZEQ 

1000 07A 193 ZEQ 

0000 07B 194 ZEQ 

1000 07C 195 ZEQ 

0000 0711 196 ZEQ 

1000 07E 197 ZEQ 


12539 
15446 
18204 

- 20787 

- 23169 

- 25329 

- 27244 

- 28897 

- 30272 

- 31356 

- 32137 

- 32609 

4096 

0 

4096 

0 

4096 

0 

4096 

120 

0 

0 

4096 

0 

4096 

0 

4096 


\ 
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FIG. 6,5 FFT OF REAL SYMMETRIC SQUARE WAVE 



FIG, 6,6 FFT OF IM GINARY ASYMMETRIC POINTS 
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z. 

FFT |»ogr«m me testtd fin^m of 

a real square wave* The tapit wave aad oalsi^t wave «r« 
shown in Fig* 6*f* They have hten ohtaine<l using the plot 
facility* Hie spectru® ia.af Sin jk/h thipt* liaa#r»iry part 
of the mitput viiieh ia rer© la not plotted* Figure 6*^ show® 
the FFT caitpnt v^en is pit at i®s^««ry iooatiiwh S aivi 
is put at imaginary looation (64«»t)* the reaultlng FFT output 
is a sin wave with 2 tytles* It tates about ISOOO (16008) 
elooh oycles to oompuit 64 point Oompleu FFT* 

6^4 aigkimi 

The bench mart prograac run on l^e IMS ^010 simulation 
system give the expected results* It shows that the system 
works perfectly and the faciittle# provided are adequate , 
InpuVoutpttt files attacks to the IFOBT and OfOht are waed for 
the digital filter progwia and the plot facility provided la 
used for the FFT prognm* of profram usMiorf for storing : 

• "lie is a useful fea.t»x® of T»iS 32010 architecture 


constants i 
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CHAPTER 7 


CONCLUSION 


7.1 INTRODUCTION 

Requirements of a real time speech processor and the 
architectures based on bit -slice micropiocessors are brought 
out in this thesis. Simulation of Texas instrument’s signal 
processing chip, which is widely used in speech processing 
has been carried out on the DEC system 1090 computer of 
I.I,T. Kanpur, 

In Section 7,2 conclusions drawn on the speech processor 
architectures and the advantages of the simulator are presented 
A few suggestions are mde in Section 7.3 regarding possible fu 
work in the area of speech processor architectures and the type 
programs that can be run on TMS 3201 0 simulator, 

7.2 CONCLUSIONS 

The following conclusions can be drawn about the speech 
processor architecture: 

(a) A separate multiplier or multiplier accumulator is 
needed to multiply or multiply and add in a single 
machine cycle, 

(b) Speed of the processor must be above 4 Million 
Instructions Per Second (MIPS), 

(c) The processor must have separate program memory and 
data memory to enhance the speed. 



(d) It nutt hay# powetftol lisitnsi), instmigtions* 

(e) A ataek atltatt wpto $lx dadin i# fi^t stiff itiant for 

4wc)vc 

Speech processing# Howatwir an - cjirfht 'deep stack teeias 
to be ideal* 

(fi The I/O ckcites such «s Aml^&§ to digital coiwerters# 
Digital to analog converters^ ierlsl to peraliel 
converters and parallel to serial converters mat have 
direct fflewry address^ '■ 

( g) It should have f leidLlile •ddrscsliif istidsi* 

(h) The iRstraction set m$t he mtf poverfhl sf^ wst have 
special institwitiont to wave data le'EiOEiory#, 

(i) Most have a provlsioh to serve avltiple iniernipts m 
a priority basis* 

( j ) The Kdcrocods cest be Of reasoiihle ^ddth .40 tO' $0 bit 
Otis roc odes are nanagshO-lC* 

The facilities providtd bf the siwJation tfst»« ere 

tailored to tko »»d» rf fPWKih |»o«#Ml»9. Hwww#, th»y ««n 
bo nd* aw at In othot fitld» wA •• eowunlwtlw** eo«t»l< 
teUade pioeowlnB i**w »» ""tni it wapaUtlow •» ww. 
Ap«rt tx<m tb* Wold »»d« oi *i»«i*«»9 <>» •«* 

TUS *2010 *nd jwdrtdlw M «d«W»t# drtwwt** th» »i»«il«t« 

ocovida* tb# faUoidw iifliltiaat 

(a) Input «!• *« #tt#«itd to tba port • of tbo IKPCBT, 

(b) Outprt ttu U attatbad ta a# part » af tba OOTPORI. 

( «} Intarropt 9 aw««a« .an ba W at w*.lax Interwl. 




( d) Gjapliical r®pros©ntati 0 is ©f tte© ««© |>© observed 

on the tenidnal serten^ A bird copy ©f -yi© ean al*© 
b© ‘taken on ■Wi© ULns printer^ 

7.3 3'-:g>::£1stio?^s for future mK 

Th« following work ©an b® tarritd' ©wt a$ a follow wp of 
th© work prtsonttd in th© th«»l$. 

(!) It wmild bt woxthwhilft t@ try t^' dotallod dtal^ of an 
ideal proaaasor^ borrow!^ Iht good polnia of tl^ arohltaotnato 
diaciiatod in yiia thatlt. toib a promasor wbon inplaaontad 
ttalng VUil toebnology wonld bi ibo bi$t antwir to tii© apoe^ 
processing conronitf, 

(2) A eoie^rativ® atody ©I difftrant si^l prooaaaing obipo- 
such at lntal*a 2920| AMI»t 2t!l* 7720 and Texat Instta* 

Miita IMS 320 would ba intorattlag. Ikt proaoiit work omild not 
inoluda them due to nonavail^ility of teohnloal datatla* 

O) Digitiiod ipaeah toold bo iior^ in the iniatt file. 200 
block© of memory tan atoro aoro thin S ioOoiK^ of opeooh* Ttiia 
is sufficient to try out difl^nt ipeaoh protessing algoritliiBa. 
If apoooh AnalyeifSynthiais techniques art triad out thou 
the output can bt playid biik In real tim® to too the apaeoh 
output of that analyals^synlhasii teahniuui* 

(4) On® of th® tiisons' otiiuen to uo® a hidhar laiwl lan^h^ga 
for programmiiig w«a Itt porlaMiity to diffarant coagnitars. 
PA3CA1 atatamantf uaad ill the asapshlir and aimalaior progiurae 
a'pft froiB staii«hid fA$GW»,,| Ih# piuiao where it i$ a pec If io 



to the DEC system 1090 are: 

(a) the extension of ”case" statement : others 

(b) the extension of "Reset" and "Rev.rite" statements. 

RESET (F, filename) and REWRITE (F, Filename), 

The same program with little modifications to the above 
two statements must run on other computers such as IBii-PP, 

PDP-11 and VAX, Althou^ all these machines are 16 bit, 
the PASCAL implementation on them must be supporting 32 bit 
integer arithmetic. If 32 bit integer arithmetic is not allovjed 
by the PASCAL compiler on a particular machine then there are 
major changes in the arithmetic instructions of the simulator, 

(5) Generally interrupt at regular intervals is sufficient in 
speech processing. In the present case the interrupts start 
with the immediate occurrence of 

CLOCK Mod RATE = 0, 1 or 2 (7.1) 

However the interrupt generation could be randomized by doing 
suitable changes in the software, 

( 6) The assembler in the present case is an elenentary assembl 
It can be made more powerful to include MACRO instructions and 
to allow symbolic names to all the operands. 



APPENDIX A 


ASSEMBLER SYNTAX 
MNEMONIC ADDRESS SYNTAX 


ABS 

ADD 

direct 

C<label>T 

C<l3bel>3 

ABS 

ADD 

<din3> 

ADD 

indirect 

C<l3bel>3 

ADD 

<*/*+/*-> C<shift> C<ARP>33 

ADDH 

direct 

C<l3bel>3 

ADDH 

<dni3> 

ADDH 

indirect 

C<l3bel>3 

ADDH 

<*/*+/*-> C<ARP>3 

ADDS 

direct 

n<l3bel>3 

ADDS 

<dm3> 

ADDS 

indi rect 

C<l3bel>3 

ADDS 

-!*/*+/*-> C<ARP>3 

AND 

direct 

C<l3bel>3 

AND 

<dm3> 

AND 

indi rect 

C<label>3 

AND 

<*/*+/»-> C<ARP>3 

APAC 

B 


C<l3bel>3 

C<l3bel>3 

APAC 

B 

<pni3> 

BANZ 


C<l3bel>3 

BANZ 

<pm3> 

BGEZ 


C<l3bel>3 

BGEZ 

<ptri3> 

BGZ 


C<l3bel>3 

BGZ 

<pm3> 

BIOZ 


C<l3bel>3 

BIOZ 

<P'ni3> 

BLEZ 


C<l3bel>3 

BLEZ 

<pni3> 

BLZ 


C<l3bel>3 

BLZ 


BNZ 


C<l3bel>3 

BNZ 

<pm3> 

BV 


C<l3bel>3 

BV 

<pm3> 

BZ 


C<l3bel>3 

BZ 

<P|Ti3!> 

CALA 

CALL 


C<l3bel>3 

C<l3bel>3 

CALA 

CALL 

<Pltl3> 

DINT 

DMOV 

direct 

C<l3bel>3 

C<l3bel>3 

DINT 

DHOV 

<dfri3> 

DMOV 

indirect 

C<l3bel>3 

DMOV 

{*/*+/*-> C<ARP>3 

EINT 

IN 

direct 

C<l3bel>3 

C<l3bel>3 

EINT 

IN 

<diti3> <PA> 

IN 

indirect 

C<l3bel>3 

IN 

<#/*+/*-> <PA> C<ARP>3 

LAC 

di rect 

C<l8bel>3 

LAC 

<dm3> C<shift>3 

LAC 

indirect 

C<l3bel>3 

LAC 

•£*/*+/*-> E<shift> C<ARP>33 

LACK ■ 


C<l3bel>3 

LACK 

<con5t3rit> 

LAR 

direct 

C<l3bel>3 

LAR 

<PA> <dni3> 

LAR 

indirect 

C<l3bel>3 

LAR 

<PA> <*/*+/*-> C<ARP>3 

LARK 


C<l3bel>3 

LARK 

<AR> <const3nt> 

LARP 


C<l3bel>3 

LARP 

<const3rit> 

LDP 

di rect 

C<lsbel>3 

LDP 

<dm3> 

LDP 

indirect 

C<l3bel>3 

LDP 

C<ARP>3 

LDPK 


C<l3bel>3 

LDPK 

<corist3nt> 

LST 

direct 

C<l3bel>3 

LST 

<dm3> 

LST 

indirect 

C<l3bel>3 

LST 

<*/*+/*-> C<ARP>3 

LT 

direct 

C<l3bel>3 

LT 

<dm3> 

LT 

indirect 

C<l3bel>3 

LT 

•C*/*+/2|c-> C<ARP>3 

LTA 

direct 

C<l3bel>3 

LTA 

<dm3> 

LTA 

indirect 

C<l3bel>3 

LTA 

{*/*+/*-> C<ARP>3 

LTD 

di rect 

C<l3bel>3 

LTD’ 

<diii3> 

LTD 

indirect 

C<l3bel>3 

LTD 

{*/*+/*-> C<ARP>3 
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MAR 


MPY 

direct 

MPY 

indirect 

MPYK 


NOP 


OR 

direct 

OR 

indirect 

ORG 


OUT 

direct 

OUT 

indirect 

PAC 


POP 


PUSH 


RET 


ROVM 


SACH 

direct 

SACH 

indi rect 

SACL 

direct 

SACL 

indirect 

SAR 

direct 

SAR 

indirect 

SOVM 


SPAC 


SST 

direct 

SST 

indirect 

SUB 

direct 

SUB 

indirect 

SUBC 

direct 

SUBC 

indirect 

SUBH 

direct 

SUBH 

indirect 

SUBS 

direct 

SUBS 

indirect 

TBLR 

direct 

TBLR 

indirect 

TBLW 

direct 

TBLW 

indirect 

XOR 

direct 

XOR 

indirect 

ZAC 


ZALH 

direct 

ZALH 

indirect 

ZALS 

direct 

ZALS 

indirect 

ZEQ 



C<l3bel>3 MAR 
C<l3bel>3 MPY 
i;<l3bel>3 MPY 
C<l3bel>D MPYK 
C<l3bel>3 NOP 
C<l3bel>3 OR 
C<l3bel>3 OR 
ORG 

C<l3bel>3 OUT 
C<l3bel>3 OUT 
C<l3bel>D PAC 
C<l3bel>3 POP 
C<l3bel>3 PUSH 
C<l3bel>3 RET 
C<l3bel>3 ROVM 
C<l3bel>3 SACH 
C<l3bel>3 SACH 
C<l3bel>3 SACL 
C<l3bel>3 SACL 
C<l3bel>3 SAR 
i:<l3bel>3 SAR 
C<l3bel>3 SOyM 
C<l3bel>3 SPAC 
C<l3bel>3 SST 
C<l3bel>3 SST 
C<l3bel>3 SUB 
t:<l3bel>3 SUB 
C<l3bel>3 SUBC 
C<l3bel>3 SUBC 
C<l3bel>3 SUBH 
C<l3bel>3 SUBH 
C<lsbel>3 SUBS 
C<l3bel>3 SUBS 
C<l3bel>3 TBLR 
C<l3bel>3 TBLR 
C<l3bel>3 TBLW 
C<l3bel>3 TBLW 
C<l3bel>3 XOR 
C<l3bel>3 XOR 
C<l3bel>3 ZAC 
C<l3bel>3 ZALH 
C<l3bel>3 ZALH 
C<l3bel>3 ZALS 
i:<l3bel>3 ZALS 
ZEQ 


-C*/*+/*-> C<ARP>3 

<dm3> 

<*/*+/*-> C<ARP>3 
<corist3rit> 

<dm3> 

<*/*+/*-> C<ARP>3 

<pni3> 

<diti3> <PA> 

<*/*+/*-> <PA> C<ARP>3 


<dm3> C<shift>3 

■C)|c/)|t+/*-> C<shift> C<ARP>33 

<dm3> i:<shi-ft>3 

•C*/*+/)|c-> C<shift> C<ARP>33 

<AR?.:- <dm3> 

<AR> -£*/*+/*-> C<ARP>3 


<dni3> 

■0»c/5|c+/)|c-> C<ARP>3 

<dm3> C<shift>3 

<*/*+/*-> C<shift> E<ARP>33 

<diii3> 

{*/*+/*-> C<ARP>3 

<diii3> 

<*/*+/*-y C<ARP>3 

<diii3> 

<*/*+/*-> C<ARP>3 

<dm3> 

•£*/*+/*-> C<ARP>3 

<dm3> 

-<:*/*+/*-> C<ARP>3 

<dlTi3> 

-{:*/*+/*-> C<ARP>3 
<dm3> 

<*/*+/*-> C<ARP>3 

<dm3> 

-€*/*+/*-> C<ARP>3 
<const3nt> 
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Mate* 

1 , ts giwii ifttt* ilit table of 

eofitonta# 

2« First ohsracrtsr of a label Is m alipkabet aind seootid 
oharaotsr Is a i^itoer* Label Is always tersiinated by a 
seadoolon# 

3* Sims tbe eoisaiestt field ^i«|i ooncltides tike syntax is 
optioml it is not inoludsd iti aboyt table » tbe cooa^t 
always starts by a eoloii« 



1X7 


APPEMEX B 

EREOR MESSACgiS AND \mmm& 

WMf8tiijbl«r Errcwr roistagtsi AasestJl^r Syaror «odii it plaff#<l 
in j>3ace of th9 cocte iii MSI It also appea'jet 

on 'tte Tarndnal* 


Error Cad© 

D«sariptian 

ERR 1 

Illegal dhariitar 

ERR a 

I^t^l taiaia atarflaa 

E»R 3 ■ 

invalid lafetl 

EiR 4 

dupliaate jUlital 

ERR. 5 

siirtax arra?' 

tyflCl jiL 

Il legal Ettaraania 

win ? 

pffli iiia©al 

ERR © 

lindireat a^torassiiif error 

ERR 9 

asror 

wm. A 

^Ifl error 

p.|p B 

ARP error 

ERR C 

Constant m% of xangi 

ERR D 

PA error 

ERE E 

AR error 

ERR f 

pm not found in Fats Two 


' titer ean lootc at inditatad lin* In 

soar#© progra% corrtat that trror and ramn t^a *taa®ii3.ar» 
Pats tm is exacutail ©nlr ^©n ttiara i» n© ©war in Past Out* 



«» Sisxf later Br:i^r Mestsfts 

a) •CoiaEiaiid Syntax Error* i Thta error tndioatos tli® oomraand 
to the ainwlitor 1® not firen in the proper foraat^ 

b) *tMMPLEMENrED INSIRUGTIOM AT tlS® JPG t XXX* f This aiessage 
indieates that either the todt entered is oxong ©r some fsriab; 
dtiring exettition ha® gone ©et ei botinds* 

•^Warntngsi 

The array registers are tised for indlreot addressing* 
These registers vdien used as loop ooonters osnally beeome mctfe 
than the memory locations (0 t© 143)* If it is so# a naming 
mssage is flashed on terminal as belont 

•CAm AiXBiss ojr of mmm at useb pc i m * 

The o»er is adurlsed to- see the instmotlon in qtiestion 
and aseertatn that he is not ©sing the auxiliary register for 
addressing the- msmory at that instant* 


PASS1 LISTING 
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*010 

010 

1 


ORG 16 JTEST PROGRAM* 

7F88 

010 

2 


ABS f 

ERRl*** 

3 A1 

: & 

ADD 32 10 » ERROR 1 

ERRA*** 

4 


ADD * 18 0 » ERROR A 

ERR4*** 

5 A1 

♦ 

♦ 

ADDH 32 J ERROR 4 

60A1 

Oil 

6 


ADDH *+ 1 f 

6110 

012 

7 

A2t 

ADDS 16 f 

7F8F 

013 

8 


APAC i 

F900 

014 

9 


B A4 ; 

*A4 

014 




F400 

016 

10 


BANZ A2 f 

0012 

016 




FDOO 

018 

11 


BGEZ AIJ 

0011 

018 




FCOO 

OlA 

12 

A3t 

BGZ A2 

0012 

OlA 




F600 

OIC 

13 


BIOZ A5 » FORWARD REFERENCE 

*A5 

OIC 




FBOO 

OlE 

14 

A4J 

BLEZ A7 » FORWARD REFERENCE 

*A7 

OlE 




FAOO 

020 

15 


BLZ 3A 

ERR7*** 

16 


BLZ 3A 

FEOO 

020 

17 


BNZ A6 » FORWARD REFERENCE 

*A6 

020 




F500 

022 

18 

A5: 

BO A4 

OOIE 

022 




FFOO 

024 

19 


BZ A8 » FORWARD REFERENCE 

*A8 

024 




7F8C 

026 

20 


CALA 

F800 

027 

21 


CALL A6 

*A6 

027 




ERR5*** 

22 


DINT 25 » ERROR 5 

ERR9*** 

23 


DMOO 150 TERROR 9 

ERR8*** 

24 A6 

♦ 

♦ 

DMOV ** 1 » ERROR 8 

7F82 

029 

25 


EINT 

ERRD*** 

26 


IN 16 7 » ERROR D 

4788 

02A 

27 


IN * PA7 

2519 

02B 

28 

A7: 

LAC 25 5 

2CA0 

02C 

29 


LAC *+ 12 0 

7E70 

02D 

30 


LACK 112 

ERRE*** 

31 


LAR AR3 11 f ERROR E 

7170 

02E 

32 

A8i 

LARK ARl 112 

70FF 

02F 

33 


LARK ARO 255 

6881 

030 

34 


LARP 1 

6F10 

031 

35 


LDP 16 

6E00 

032 

36 


LDPK 0 

7B0C 

033 

37 


LST 12 

6AA0 

034 

38 


LT *+ 0 

6898 

035 

39 


MAR *- 

6880 

036 

40 


MAR * 0 

61140 

037 

41 


MPY 64 

611 A 1 

038 

42 


MPY *+ 1 



APPENDIX C 


130 


ASSEMBLER LISTING 


PROGRAM ASSEMBLER < FINP , FOUR » PASl ) } 
label 

100 -CUSED FOR ERROR TRAP IN PASS 
const 

KING = 65536 <16 BIT MORri>J 

type 

WRD =0**KINGJ 

CMDARRAY = packed array Cl. ♦51 of char <FOR MNEMONICS>f 
Y = record 

CMD t CMBARRAY 

end <USED IN MNEMONIC SEARCH>» 

var 

X tcharJ 

CC : integer TCHARACTER COUNT 
LL : integer <LINE LENGTH!? 

LINE tarray Cl«.813 of char? 

I i integer TNUMBER OF SYMBOLS IN SYMBOL TABLE!? 

J ♦ integer? 

M : integer <LINE NUMBER IN SOURCE FILE!? 

B X integer TGETNUM DEPOSITS NUMBER IN B!? 

JMPADR JURD <JUMP ADDRESSS FOR BRANCH INST*!? 

CJpacked array Cl* *41 of char TOBJECT OR ERROR CODE!? 

A : packed arr3yCl«*51 of char <GETSYM RETURNS THIS!? 
COMMAND t CMDARRAY? 

TABLE : array Cl ♦♦621 of Y? 

SYM 5(SYMB0LfLNENDTlNDIRECT»UNDEFINED)? 

LC to* *4095 TLOCATION COUNTER!? 

INDRCT tboolean TINDIRECT ADDRESS FLAG!? 

INTABLE tboolean <LABLE PRESENT IN LABEL TABLE!? 

OK t boolean <N0 EREROR FLAG rPASS 1!? 

LTBL tarray Cl*. 20,1* ♦21 of char <LABEL TABLE!? 

VALUE t array Cl **201 of WRD <VALUE OF THE LABEL!? 
PASlrFINPrFOUP t TEXT? 

NINPfNOUP t packed array Cl*. 91 of char? 
function INTTOHEX (Nt integer) t char? 
var 

T t char? 
begin 

case N of 

0 t Tt='0^? 

1 t Tt='l'? 

2 t Tt='2'? 

3 t Tt='3'? 

4 t Tt = M"? 

5 t Tt='5"? 

6 t Tt='6'? 

7 t Tt='7'? 



PROGRAM ASSEMBLERd-INPj-FOUPfPASD? 
lisbel 

100 -lUSED FOR ERROR TRAP IN PASS 1>J 
const 

KING « 65536 •{;i6 BIT UORD>? 

*1* 

WRD «0*.KING5 

CMBARRAY -- i='3ckecl array Cl* *5;] of char -CFOR MNEMONICS! 
Y ~ record 

CMB i CMDARRAY 

end -CUSED IN MNEMONIC SEARCH! f 

var 

X JcharJ 

CC J integer -CCHARACTER COUNT !? 

LL t integer -CLINE LENGTH!? 

LINE tarray Cl* *813 of char? 

I : intesfer CNUMBER OF SYMBOLS IN SYMBOL TABLE!? 

J ♦ integer? 

M : integer CLINE NUMBER IN SOURCE FILE!? 

B t integer CGETNUM DEPOSITS NUMBER IN B!? 

JMPADR JWRD CJUMP ADDRESSS FOR BRANCH INST*!? 

Ctpacked array Cl **43 of char COBJECT OR ERROR CODE!? 

A : packed 3rrayCl**53 of char CGETSYM RETURNS THIS!? 
COMMAND J CMDARRAY? 

TABLE t array Cl *.623 of Y? 

SYM i < SYMBOL » LNEND » INDIRECT y UNDEFINED) ? 

LC :0**4095 CLOCATION COUNTER!? 

INDRCT :boole3n CINDIRECT ADDRESS FLAG!? 

INTABLE J boolean CLABLE PRESENT IN LABEL TABLE!? 

OK i boolean CNO EREROR FLAG »PASS 1!? 

LTBL : array Cl**20»l**23 of char CLABEL TABLE!? 

VALUE t array Cl* *203 of WRD CVALUE OF THE LABEL!? 
PASlyFINPyFOUP : TEXT? 

NINPyNOUP ♦ packed array Cl* *93 of char? 
function INTTOHEX(NJ integer ) t char? 
var 

T } char? 
bed in 

case N of 

0 t 

1 : 

2 t Tt=='2'? 

3 : t:=='3'? 

4 ** Tt^M'? 

tJ « I ♦ — %J y 

6 : TJ='6'? 

7 t Tt^'?'? 

8 } 

9 : t:=='9"? 

10 i 

11 t 

12 : Jt=='C'r 



vit 


13 i TI='D'? 

14 t 

15 t TJ='F' 

endJ 

INTTOHEXi~T 

end -C interrial”to~h©5-{ >J 
t'unction HEXTOINT<H*char ) ♦ intederJ 
var 

T t integer? 
bed. in 

case H of 

'0' t TJ=0J 
'1' I TJ=ly 
"2' i TJ==2? 

'3' : TJ=3? 

'4' i t:=4J 

X.J ♦ I ♦ — y 

'6' t TJ=6J 
'■/' i T:==7f 
"8' : TJ=8? 

' 9 ' : t:=9? 

'A' : TJ“10? 

'B' t TJ=llf 
'C' i TJ=12J 
'D' J TJ=13? 

'E' I TJ=14J 
"F' t T:=15 

end? 

HEXT01NT}=T 

end -C he>{“to~ internal >? 

r>rocedure ERROR-CABORTS CURRENT LINE RR0C» RESETS OK FLAG>? 
var 

K ♦ intesfer? 
bed in 

0Kt=false? WRITELN<TTY) ? 

URITE(PASl»C!-'J|c*3lc'»Mt6v ' ')? 
WRITE(TTYyCi-'>lo|c*'i-MJ6» ' ')? 
for KJ~ 1 to LL do 
h«&sS i n 

' URITEtPASlyLINECK:]) ?WRITE(TTY»LINECK3) 
end ? 

URITELN ( PASl ) ? WRI TELN ( TTY ) ? M t =M-i l ? 
doto 100 

end ? 

f»rocedure SYNTAX? 
bed in 

CJ="ERR5"? ERROR 

©nci 5 

procedure GETLINE -CCOPIES A LINE FROM SOURCE PROGRAMT? 
bed in 

CCJ=:0? ll:=o? 

while not EOLN(FINP)do 



be^in 

LL{=«LL+lJREAn(FlNP»X) ? LINECLL] :==X 

end 

end -CEND OF GETLINE>J 

procedure (3ETSYM -tRETURNS SYM~SYMBfJL» INDIRECT j- LINE END>? 
ver 

K ♦ intederJ 
bed in 

SYHJ --UNDEFINED? 

while(CC<LL)3rid(LINE[:CCH3 ')do CCJ==CC+1? 
if(CC = LL)or(LINEi:CCfl3 '?'')theri SYMJ=LNEND 
€?1 

if LINECCC+IT in L' A' * * 'Z' r ' 0' . * ' 9 ' 9 ' t ' p » 
'+'p'~'p't'l then 
bed in 

SYMJ=SYMBOL? K:=0? 
repeat 

if K<5 then 
bed in 

K:-K-fl? AI:K3 :--=-LINE CCC+13 

end? 

cc:=cc+i? 

if ACK3 in C ' 3 then 

sym:==indirect? 

until <CC=LL)or(LINECCC+13=" ' ) ? 
while K<5 do 
bed in 

k:=k+i? ai:k3: = ' ' 

end 

end 

else 

bedin 

CJ-'ERRl'? error 

end 

end? 

•CEND OF GETSYM> 

ocedure GETCODE -CUSED IN PASS2>? 
var 

K t inteder? 
bedin 

for K*"l to 4 do 
bedin 

READ<PASi»x) ? ci:k3:=x 

end 

end ? 

ocedure LOOKUP -CLABEL TABLE IS SEARCHEDT? 
ver 

K ♦ inteder? 
bedin 

INTABLE t:=f else? KJ=0? 

whi le( K<~I )3nd(not INTABLE) do 
bedin 



if CA 
else 


)then CC3.-]I = "A 




~ '*+ 


/ 


if (A “ 'Ithen Ci:33t=="9' 

else 

he^in 

CJ=='ERR8'» ERROR 

end 

end » 

procedure PDMA {DIRECT MEMORY ADDRESS>? 
bed in 

GETNUM f 
if (B<128)then 
bed in 

C[;33J=INTT0HEX(B div 16) y 
Ci:4a:=INTT0HEX(B mod 16) 

end 

else 
bed in 

C J==='ERR9' J ERROR 

end 

end Y 

procedure PSHIFT? 
bed in 

GETNUM Y 

if B<16 then Ci;23J~INTT0HEX<B) 

else 
bed in 

C:='ERRA'» ERROR 

end 

end Y 

procedure PARP? 
bed in 

GETNUM? 

if B>2 then 
bed in 

CJ^'ERRB"? ERROR 

end 

else Ci:4TJ = INTT0HEX(B) 

end ? 

procedure PPA? 
bed in 

if A“'PAO ' then BJ=0 
else 

if A:=''PA1 ' then BJ=1 

else 

if A="PA2 " then BJ=2 
0I s© 

if A='PA3 ' then BJ==3 
else 

if A='PA4 ■' then B*=4 
else 

if A“^PA5 '' then BJ-5 



then 


else 

i f fH -'FM 
else 

if A- "PA? 

else 

besiin 

end 

end } 

procedure PAR f 
be^in 


if (A== 

'ARO 

")then Bi= 0 

else 




if(A ^ 

== "ARl ')then BJ = 1 


else 



be si in 

CJ== 'ERRE'J ERROR 

end 

end J 

procedure CODETABLE? 
besiin 

TABLEL'ia.CMBJ^-'ABS 'J 
TABLE C 23 ADD 'J 

TABLEi:33*CMDJ = 'ABriH 'i 
TABLEi;43.CMDJ = 'AB»S 'J 
TABLE C 53 ♦CMB:==" AND 'I 
TABLET63tCMD:='APAC 'i 
TABLEC73*CMDJ='B 
TABLEi:83.CMDJ = "BANZ 
tablec93*cmd:='bgez 'i 
tablei:io3»cmd:='bgz 'f 
tablei:ii3*cmd: = 'bioz 'i 
tablei:i23*cmd:='blez 'i 

TABLEC 133 ,0110: = 'BLZ 'i 
TABLEE143«CMDt=:'BNZ 'f 
TABLEC153»CMD: = 'B'y' '» 
TABLEC163*CMDJ='BZ 'y 
TABLEC173*CMDJ = ''CALA 'i 
TABLEr:i83*CMDJ = 'CALL 'i 
TABLEC193*CNDJ="DINT 'i 
TABLEC203.CMDt=:'DM0M 'i 
TABLEC213 .CMDJ='EINT 'y 
tablei;223*chd:='in '» 
TABLEC233»CMDJ='LAC 'i 
TABLEC243*CHDJ="LACK 't 

TABLEi:253*CMDJ = 'LAR 'f 
TABLEC263.CMDt~'LARK 'y 
TABLEC273,CMDJ='LARP 'y 

T ABLE C 28 3 ♦ CMD J =••= ' LDP ' y 
TABLEE293*CMDJ~'LDPK 'y 
TABLEi:303«CMDt = 'LST 'y 

TABLEE313.CMD:='LT 'y 


' then 

ERROR 
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TA]E!LEi;323«CMri: = 'LTA '5 
TABLEL 33 3 ♦ CMD t = ' LTD ' f 
TABLE i: 34 3 ♦ CMD I » ' MAR '$ 

TABLE L' 353 , CMD I = ' MPY 'i 
TABLEC3634CMDJ-'MPYK 'i 
TABLE L" 37 3 « CMD J ^ NOP ' J 

TABLE[:383*CMDI-'0R 'i 
TABLEC393*CMDJ='ORG 'J 
TABLEi:4O3«CMDJ~''0UT 'i 
TABLEi:413«CMDJ = ''PAC 
TABLEi:423,CMDJ-='P0P '5 
TABLE C 43 3 ♦ CMD J = ' PUSH ' ? 
TABLEL’443*CMDJ~'RET 'J 
TABLE 1:45 3* CMD}- 'ROMM '5 
TABLEi:463*CMD}=:"SACH '5 
TABLE C473* CMD }='SACL 'i 
TABLEi;483*CMD} = ^SAR '$ 

TABLEi;493.CMD} = 'S0VM 'i 
TABLEL'503*CMD: = 'SPAC 'i 

TABLEi;513*CMD}=:''SST 'y 
TABLEI;523*CMD}~'SUB 'r 

TABLE[:S33*CMD}=:'SUBC ' J 
TABLEi:543*CMD} = 'SUBH '$ 
TABLEC553,CMD}«'SUBS 

TABLECS63,CMD:='TBLR 'i 
TABLEi:573*CMD}=:'TBLW '? 
TABLEC583«CMD}='X0R 'i 
TABLEC593«CMD: = ''ZAC 'i 

tablei;603*cmd:='zalh 'j 

TABLEi:613*CMD} = ''ZALS '9 
TABLEi:623*CMD}~'ZEQ ' 

£?rici ¥ 

i=>rocedijre WRITECODE -CCODE IN PASl FILET 5 
be^in 

WRITE < PASl r Cy ' 'y 

INTTOHEX(LC ctiv 256) y 
INTTOHEX(<LC div 16)iiiod 16) y 
INTTOHEXCLC mod 16)) 

end y 

procedure WRITETEXT -CCOPY SOURCE PROGRAMTy 
V3r 

K } intedery 
bed in 

WRITE(PASlyM}6y' ')? 
for K}-1 to LL do 

WRITE<PASlyLINECK3)y 
WRITELN<PASl)y M}=:Mtl 

end y 

procedure SDMA -CSHIFT AND DATA MEMORY ADDRESSTy 
i n 

GETSYMy INDRCT:=truey 
if(SYM == LNEND)then SYNTAX? 
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if<SYH == INDIRECT) then PINDIRECT 
else 
besJin 

INDRCTt==r3lse»PDHA 

end i» 

GETSYMy 

if(SYiM = LNEND)then 

bed in 

Ci:2:iJ = '0"f 

if INDRCT then Ci:4I{ = '8' 

end 

else PSHIFTy 
GETSYMy 

if(SYM == LNENB)3nd INDRCT then CC4i: = '8'y 
if(SYM <> LNEND)3rid not INDRCT then SYNTAX? 
if(SYM <> LNEND)3rid INDRCT then 
bed in 

PARP? GETSYM? 

if(SYM <> LNEND)then SYNTAX 

end? 

URITECODE? WRITETEXT? L.C:==LC+1 

end ? 

procedure DMATDATA MEMORY ADDRESTy 
bed in 

GETSYM? INDRCT I "true? 
if(SYM = LNEND)then SYNTAX? 
ifCSYM = INDIRECT) then PINDIRECT 

else 

i n 

INDRCTJ-fslse? PDMA 

end? 

GETSYM? 

if(SYM ” LNEND)3nd INDRCT then CE;4.]J~"8'? 
if(SYM <> LNEND)3nd not INDRCT then SYNTAX? 
if(SYM <> LNEND)3rid INDRCT then 
bed in 

PARP? GETSYM? 

if(SYM <> LNEND)theri SYNTAX 

end? 

WRITE^CODE? WRITETEXT? LCt==LC+l 

end? .. , 

procedure DRANCHTBRANCH ADEiRESSTy 

i n 

URITECODE? WRITETEXTyGETSYM? 
if(SYM == LNEND)then SYNTAX? 

if(Ai;il in C'A'**'Z'3)3nd(A[;21 in C '0' ♦ * '9' 1 )ther. 

bed in 

LOOKUP? 

if INTABLE then 
bedin 

CCllJ^'O" ? 

CC21J=INTT0HEX<JMPADR div 256)? 





CC33J=INTT0HEX((JMPADR div 16)iiiod 16)? 
Ci:4.1J=INTT0HEX<JMPAriR mod 16) 

end 
else 
bed in 

ci;i3:=')ic'? ci:23t™Aci3? 

ci:3iJ:=Ai:23? 

ci:43: = ' ' 

end 

end else bed in CJ='ERR7'? ERROR end? 

GETSYM? 

if(SYM <> LNENIDthen SYNTAX? 
U)R.1TEC0DE?WRITELN(PAS1) ? LC:=LC+2 

end? 

procedure PABS? 
bedin 

GETSYM? 

if SYM a: LNENB then C:^ '7F88^ 
else SYNTAX? 

UIRITECODE ? WRITETEXT ? LC t =LCf 1 

end ? 

procedure PABB? 
n 

ci:i.i;=='0' ? SBMA 

end ? 

procedure PABBH? 
bedin 

CC21t = '0'} 

BMA 

end ? 

procedure PABBS? 
in 

ci:i3J=='6'? ci;23J="i'? 

BMA 

end? 

procedure PANB? 

in 

CCllt^'7'y CC21t='9'i 
BMA 

end ? 

procedure PAPAC? 
bedin 

GETSYM? 

if SYM == LNENB then CJ= '7F8F' 
else SYNTAX? 

WRITECOBE? WRITETEXT? LCt-LC+1 

end ? 

procedure PB? 
best in 

CJ~'F900'? BRANCH 

end ? 

procedure PBANZ? 



beidin 

CI='F 400 '? BRANCH 

end j 

f^rocedure PBGEZ? 
bed i n 

CJ-'FriOO' H BRANCH 

end? 

F' rocedu re PBGZ ? 
bed in 

CJ=:'FC 00 '? BRANCH 

end ? 

procedure PBIOZ? 
bed in 

CI='F 600 '? BRANCH 

end ? 

procedure PBLEZ? 
i n 

CJ"-='FB 00 '? BRANCH 

end ? 

procedure PBLZ? 
i n 

CJ-^FACO'? BRANCH 

end ? 

procedure PBNZ? 
bed in 

Ct'^'FEOO'? BRANCH 

end ? 

procedure PB^? 
i n 

■CJ="F 500 '? BRANCH 
end ? 

procedure F'BZ? 
bed in 

C}=:'FFOO'y BRANCH 

end ? 

procedure PCALA? 
bed in 

GETSYM? 
if SYH ~ LNEND then CJ^' ' 

else SYNTAX? 

WRITECODE?URITETEXT? LC}= 

end ? 

procedure PC ALL? 

^^'’^^Ct^'FSOO'' ? BRANCH 
end ? 

procedure PBINT? 
bed in 

GETSYM? 

if SYM == LNENB then CJ = 
else SYNTAX? 

WRITECODE? WRITETEX 1 » LC 


/I- at. 

LC+1 


7F81' 
:=LC+1 



lA-O 


end j 

procedure PDMOVJ 
bed in 

j ci:2:]{ = '9'' s 

DMA 

end S 

Procedure PEINTP 
bed in 

GETSYM P 

if SYM ~ LNEND then CJ== '7F82'' 
else SYNTAX y 

URlTECODEy WRITETEXTJ LC:=:LCfl 

end y 

procedure PIN? 
bed in 

INDRCTt^truey CC13:='4"y 
GETSYMy 

if (SYM = LNEND) then SYNTAX? 
if (SYM " INDIRECT) then PINDIRECT 
else 
bed in 

INDRCTJ=f3lsey PDMA 

end? 

GETSYM y 

if (SYM == LNEND) then SYNTAX 
else 
bed in 

PPAy CC2]:=INTT0HEX(D) 

end? 

GETSYM ? 

if (SYM « LNEND)3nd INDRCT then CC43J='8'? 
if (SYM <> LNEND) arid not INDRCT then SYNTAX? 
if (SYM <> LNEND) and INDRCT then 

bedin 

PARP $ RFT<^YM ? 

if (SYM <> LNEND) then SYNTAX 

end? 

WRITECODEyWRITETEXT? LC J:=LC+1 

end ? 

procedure PLAC? 
best in 

CCli:=='2'y SDMA 

end? 

F'rocedure PLACK? 
bedin 

GETSYM? 

if (SYM <> LNEND) then GETNUM 
else SYNTAX? 

if B<256 then 
bedin 

Ci:i3J = '7'? 

C[;2i: = 'E'? 





C[;3JJ=INTT0HEX(B div 16)? 
Ci:4:3J.-=:INTTOHEX(B mod 16) 

end 

else SYNTAX? 

GETSYM? 

iftSYM <> LNENEOthen SYNTAX? 

WRITECODE? WRITETEXT? LCJ=LC+1 

end ? 

procedure PL AR ? 
bed in 

GETSYM ? 

ir(SYM <> LNEND)or(SYM OINBIRECT) then PAR 
else SYNTAX? 

Ci;i 1 1 == '3 '? 01 : 211 = INTT0HEX(B+8)? DMA 

end ? 

procedure PLARK? 
bed in 

GETSYM ? 

if<SYM =SYMBOL)then PAR 

else SYNTAX? 

CCllt='7' ? 

CC23t=lNTT0HEX<B)? 

GETSYM? 

if(SYM <> LNEND)then GETNUM 
else SYNTAX? 
if B<256 then 
bedin 

Ci:3i:==INTT0HEX(B div 16)? 
CC41J=INTT0HEX(B mod 16) 

end 

else SYNTAX? 

GETSYM? 

if(SYM <> LNEND)then SYNTAX? 

URITECODE? WRITETEXT? LCJ=LC+1 

end ? 

procedure PLARP? 
b(3din 

GETSYM ? 

if(SYM 0 LNEND)then GETNUM 
else SYNTAX? 
if B<2 then 
bedin 

C[:ill = '6'? 

Ci:23{ = "8'? 

CC31J='8'? 

Ci:4i: = INTT0HEX<B) 

end 

else SYNTAX? 

GETSYM? 

if(SYM 0 LNENEDthen SYNTAX? 

URITECODE? WRITETEXT? LCt^LC+l 

end ? 
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Fracedure PLDP'y 
bes.{;Ln 

Ci:i:iJ:='6' » CC2JJ==^F^)! 

DMA 

end p 

procedure PLDF'KJ 
bed in 

GETSYH ? 

if(SYM <> LNENrOthen GETNUM 
else SYNTAX? 
if B<2 then 
bed in 

CC1TJ="6"? 

ci: 2 t:='E'? 

CC3TJ='0'? 

CC4JJ=INTT0HEX(B) 

else*^ SYNTAX? 

GETSYM ? 

if(SYM <> LNENTOthen SYNTAX? 
UIRITECODE? WRITETEXT? LCJ==LC+1 

end ? 

procedure PLST ? 
bed in 

CC13J=='7'? CC2Tt = 'B"? DMA 

end ? 

procedure PLT? 
bed in 

CL11J=='6'? CC2Tt = 'A'? 

DMA 

end ? 

procedure PLTA? 
bed in 

cj:i 3:='6' ? cc2i: = "C"? 

DMA 

end? 

p rocedu re PLTD ? 
bed in 

CC1TJ==='6'? Ci;2~Jt = 'B' ? 

DMA 

end ? 

p rocedu re PM AR ? 
bed in 

Ci:il ? CE21J = '8"? 

GETSYM? 

ifCSYM == INDIRECT) then PINDIRECT 
else SYNTAX? 

GETSYM? 

if(SYM = LNEND)then CC43i='8' 

else 
bed in 

PARP ? 


GETSYM? 



if(SYM <> LNENrOthen SYNTAX 

end? 

UIRITECODE? WRITETEXT? LCJ==LCT;l 

end ? 

procedure PMPY ? 
bed in 

? CL-2aj=='ri' ? 

DMA 

end ? 

procedure PMPYK? 
var 

K Jinteder? POSITIVE tboolean? 
bed in 

GETSYM? POSITIVEJstrue? 
if AC 13 == then 

bed in 

POSITIVE {"false? GETSYM 

end ? 

if(SYM == SYMBOL) then GETNUM 
else SYNTAX? 

if (POSITIVE 3nd(B>-4095) )or 
(not POSITIVE and (B>4096)) then 
bed in 

C{=~'ERRC'? ERROR 

end? 

if not POSITIVE then B{==(8192 - B 
K:=:B div 4096? 

CC13{=INTT0HEX(8+K)? 

CC23J = INTT0HEX( (B div 256)iriod 16)? 
CC33{=INTT0HEX( (B div 16)mod 16)? 

CC43{=INTT0HEX(B mod 16)? 

GETSYM? 

if(SYM <> LNENCDthen SYNTAX? 
WRITECODE? WRITETEXT? LC:=LC+1 

end? 

p rocedu re PNOP ? 
bed in 

GETSYM ? 

if SYM === LNENB then C{= '7F80' 
else SYNTAX? 

WRITECODE? WRITETEXT? LC:=LC+1 

ei'id ? 

procedure POR? 
be.din 

CCi;i{==='7' ? CC23: = 'A"? 

DMA 

end? 

p rocedu re PORG ? 
bed in 

GETSYM ? 

if (SYM = LNEND)then SYNTAX? 

GETNUM? 
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if(B >4095) then 

r, 

CJ=::'ERRC'? ERROR 

end 5 
LCJ=B? 

Ci:23J==INTTOHEX(B div 256)? 

CI:33J---3:NTT0HEX(<B div ;l6)mad 16)? 
CC43J«=INTTOHEX(B mod 16)? 

WRITECODE? WRITETEXT 

end ? 

n v'ocedu re POUT ? 
bed in 

INriRCT{==true? Ci;i3J = M'? 

GETSYM? 

if(SYM == LNENIDthen SYNTAX? 
ir(SYM == INDIRECT) then PINDIRECT 
else 
bed in 

INDRCT:=-"f3lse? 

PDMA 

end? 

GETSYM ? 

if(SYM == LNEND)then SYNTAX 
else 
bed in 

PPA? 

Ci:23J~INTT0HEX(B+8) 

end? 

GETSYM? 

if(SYM = LNEND)snd INDRCT then CC43J=^8'? 
if(SYM <> LNEND)3nd not INDRCT then SYNTAX? 
if<SYM <> LNEND)3nd INDRCT then 

bed in 

PARP? GETSYM? 

if(SYM <> LNEND)then SYNTAX 

end? 

URITECODE? WRITETEXT? LCt=LC+l 

end ? 

p V' o c e d u r e P P A C ? 
bed in 

GETSYM ? 

if SYM = LNEND then CJ= '7F8E" 
else SYNTAX? 

WRITECODE? WRITETEXT? LC:=LC+1 

end ? 

p r o c e d u r e P P 0 P ? 
bed in 

GETSYM? 

if SYM ■•== LNEND then CJ= "7F9D' 
else SYNTAX? 

WRITECODE? WRITETEXT? LCJ==LC+1 
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end? 

procedure PPUSHf 
bed in 

6ETSYM i 

if SYM == LNEND then '7F9C' 
else SYNTAX? 

WRlTECODEy WRITETEXT? LCJ^LC+1 

end y 

procedure PRET f 
bed in 

GETSYM? 

if SYM = LNEND then Ci^ '7FBH' 
else SYNTAX? 

WRITECODE? WRITETEXT? LCt=LC+l 

end? 

procedure PROVM? 
bed in 

GETSYM ? 

if SYM == LNEND then C:-= '7F8A" 
else SYNTAX? 

WRITECODE? WRITETEXT? LCJ=LC+1 

end? 

procedure PSACH? 
bed i n 

INDRCTJ-true? Ci;i3?=='5'' ? 

GETSYM? 

if (SYM - LNEND) then SYNTAX? 
if (SYM == INDIRECT) then PINDIRECT 
else 
bed in 

INDRCTJ=f3lse? 

PDMA 

end ? 

GETSYM? 

if (SYM = LNEND) then 
bed in 

Ci;23 {=='8" ? 

if INDRCT then CC435='8" 

end 
else 
bed in 

PSHIFT? 

if(B=0)or(B ~ l)or(B “ 4)then 
bedin 

BI:=B+8? CC23:==INTT0HEX(B) ? 

end 

else 

bedin 

CJ="ERRA"? ERROR 

end ? 

GETSYM? 

if (SYM==LNEND)3rid INDRCT then CE41J = '8'? 
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if (SYMOLNENIDand not INDRCT then SYNTAX? 

ifCSYM <> LNENrOand INDRCT then 
bed in 

PARP? GETSYH? 

if(SYM <> LNENTDthen SYNTAX 

end 

end ? 

WRITECODE? WRITETEXT5 LCJ==LC+1 

end ? 

procedure PS ACL? 
bed in 

INDRCT i ===t rue ? CL“ 1 1 { = ' 5 " ? 

6ETSYM? 

if(SYM LNENIDthen SYNTAX? 
if(SYM = INDIRECT) then PINDIRECT 
else 

Ki:A-crf*i fi 

‘ INDRCT J:=f3lse? 

PDMA 

end? 

GETSYN ? 

if(SYH == LNENIDthen 
bed in 

CC2IJ='0'? 

if INDRCT then Ci:43J = '8" 

end 
else 
bed in 

PSHIFT? 
if (BOO) then 

bed in 

C:='ERRA'? ERROR 

end? 

GETSYM? 

if (SYM==LNEND)3nd INDRCT then CC43J = '8'? 
if (SYM<>LNEND)3nd not INDRCT then SYNTAX? 

ifCSYM <> LNENIDsnd INDRCT then 
bedin 

PARP ? GETSYii ? 

if<SYM <> LNEND)then SYNTAX 

end 

end ? 

WRITECODE? WRITETEXT? LCI=LC+1 

end? 

p r oce du r e PS AR ? 
bedin 

GETSYN? 

if(SYM <> LNEND)or(SYM OINDIRECT) then PAR 

else SYNTAX? 

Ci::lSJ=='3'? 

Ci;2IJ===INTT0HEX(B)? 

GETSYM? INDRCTi=true? 
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if(SYM = LNENIOthen SYNTAX? 
if(SYM := INDIRECT) then PINDIRECT 
else 
besf in 

INDRCTJ^fslse? 

PDMA 

end? 

GETSYM ? 

if(SYM =: LNENDlsnd INDRCT then CC43J = '8''? 
if<SYM <> LNEND)3nd not INDRCT then SYNTAX? 

if(SYM <> LNEND) 3 nd INDRCT then 
bed in 

PARP? GETSYM? 

if(SYM <> LNEND)then SYNTAX 

end? 

URITECODE? URITETEXT? LC{=LC+1 

end ? 

r-rocedure PSOVM? 
bed in 

GETSYM ? 

if SYM = LNEND then Ct= '7F8B' 
else SYNTAX? 

WRITECODE? WRITETEXT? LCJ^LC+1 

end? 

procedure PSPAC? 
bed in 

GETSYM? 

if SYM = LNEND then CJ= '7F90' 
else SYNTAX? 

WRITECODE? WRITETEXT? LCJ=LC+1 

end ? 

procedure PSST? 
hi p i n 

Ci:ilJ = '7"? CC21I=='C'? 

DMA 

end? 

procedure PSUB? 
bed in 

CL11J='1'? SDMA 

end? 

procedure F’SUBC? 
bed in 

Ci:ilJ = '6^? CC23:=='4'? 

DMA 

end? 

procedure PSUBH? 
bed in 

ci:iij=='6'? ci;2i:='2'? 

DMA 

end ? 

procedure PSUBS? 
bed in 
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Ci:i3J = '6'? CC23J = '3'? 

DMA 

endr 

procedure PTBLRp 
b<j?£i3 i n 

CC23J = '7"p 

DMA 

end? 

procedure PTBLW? 
bed in 

Ci:i3J = '7'? CC23J = "D'? 

DMA 

end? 

procedure PXOR? 
bed i n 

ci:iaj=::'7'? ci;2at = '8"? 

DMA 

end ? 

p rocedure PZAC ? 
bedin 

GETSYM? 

if SYM == LNEND then Ct-~ '7FB9' 
el<i;e SYNTAX? 

ur’itecode? WRITETEXT? LCJ=LC+1 

end? 

procedure PZALH? 
bedin 

Ci;i3J=^'6'? Ci:23t = '5'? 

DMA 

end? 

procedure PZALS? 
bedin 

CL"13: = '6'? Cn23t = '6'? 

DMA 

end? 

p rocedu re E’ZEQ ? 
ver 

POSITIVE » ONE : boolean? 
bedin 

GETSYM? ONEt=true? 

if SYM = LNEND then SYNTAX? 

while SYM <> LNEND do 

bedin 

POSITIVE true? 
if AC 13 = then 

bedin 

POSITIVEJ==false? GETSYM 

end? 

if SYM == SYMBOL then GETNUM 
else SYNTAX? 

if not POSITIVE then BJ=(65536 - B)? 
CC13J==INTT0HEXCB div 4096)? 



CL-2:3:-INTTOHEX((B (Jiv 256)mod 16) J 
C[;3K=:1NTT0HEX((B div 16) mod 16) v 
CL-4;]J = INTT0HEX(B mod 16)? 

WRITECOBE? 

if ONE then WRITETEXT 
else WRITELN(PASl)? 

ONE else? GETSYM? LCJ==LC+1 

end 

end? 

procedure GETCOMMAND -CSELECTS PROPER PROCEBURE>? 
var 

BONE ♦ boolean? 

FIRSTS' LASTsiMIDBLE 1 integer? 
bed in 

BONEJ-=false? COMMANBt=A? 

FIRST J=--:l? last: =62? 

while((LAST >= FIRST)3nd<not riONE))do 
bed in 

MIDBLE:=(FIRST+LAST)div 2? 
if CONMANB > TABLECMIDBLEl ♦CMD then 
FIRST :=MIBBLE + 1 

else 

if COMMAND < TABLECMIDBLE3 ♦CMD then 

last:=middle - i 

else 

if C0MMAND=TABLECMIDIiLE3*CMD then 
BONE :=t rue 

end ? 

if DONE then 
case MIDDLE of 

1 : PABS? 

2 : PADD? 

3 : PADDH? 

4 : PADDS? 

5 : PAND? 

6 : PAPAC? 

7 : PB? 

8 : PBANZ? 

9 : PBGEZ? 

10 : PBGZ? 

11 : PBioz? 

12 : PBLEZ? 

13 : PBLZ? 

14 : PBNZ? 

15 : PBO? 

16 : PBZ? 

17 : PC ALA? 

18 : PCALL? 

19 : POINT? 

20 : PDMOO? 

21 : PEINT? 

22 : PIN? 



23 

♦ 

PL AC? 

2A 

-> 

PLACK? 

25 

♦ 

♦ 

PLAR? 

26 

4 - 

4 - 

PLARK? 

27 

4 

4 

PLARP? 

28 

4 

4 

PLDP? 

29 

4 

4 

PLBPK? 

30 

4 

4 

PLST? 

31 

4 

4 

PLT ? 

32 

4 

4 

PLTA? 

33 

4 

4 

PLTD? 

34 

4 

4 

PMAR? 

35 

4 

4 

PMPY? 

36 

4 

4 

PMPYK? 

37 

4 

4 

PNOP? 

38 

4 

4 

POR? 

39 

4 

4 

PORG? 

40 

4 

4 

POUT? 

41 

4 

4 

PPAC? 

42 

4 

4 

PPOP? 

43 

4 

4 

PPUSH? 

44 

4 

4 

PRET? 

45 

4 

4 

PROVM? 

46 

4 

4 

PSACH? 

47 

4 

4 

PSACL ? 

48 

4 

4 

PSAR ? 

49 

4 

4 

PSOVM? 

50 

4 

4 

PSPAC ? 

51 

4 

4 

PSST? 

xJjC^ 

4 

4 

PSUB? 

53 

4 

4 

PSUBC? 

54 

4 

4 

PSUBH? 

55 

4 

4 

PSUBS ? 

56 

4 

4 

PTBLR? 

57 

4 

4 

PTBLW ? 

58 

4 

4 

PXOR? 

59 

4 

4 

PZAC? 

60 

4 

4 

PZALH? 

61 

4 

4 

PZALS? 

62 

4 

4 

PZEQ 


end 

else 

be^ain 

Ct~-~-'ERR6' i ERROR 

end 

end j 

■CHAIN PROGRAM BEGINS> 

•CINPUT“OUTPUT PILE DECLARATION> 

bed in 

WRITE ( TTY j- 'GIVE INPUT FILE NAME t ' 
lt=0? 

while not E0LN(TTY)do GET(TTY)» 


)? BREAK (TTY) 





GET (TTY) ? 

while not EOLN(TTY) do 
be^in 

1J==I+15 

if I •=:>= 6 then NINPCI^ :=TTY”5 
GET (TTY) 


end? 

while I<6 do 
bed in 

IJ-=I+1? NINPi:i3: = " ' 

end i 
NINPC?] 

NINPi:83J=="N'f 

NINPC?3J="P'? 

pi:: orr / p r mc:« « M T KIP* ) » 

WRITE ( TTY 1- 'GIVE OUTPUT FILE NAME t ')? BREAK (TTY)? 
IJ---=0? 

while not E0LN(TTY)do GET(TTY)? 

GET (TTY) ? 

while not EOLN(TTY)do 
bed in 


J J ..j. J -j^ * 

if I<>6 then NOUPCIIJ=TTY”? 
GET (TTY) 

end ? 

while I<6 do 
bed in 

IJ=I+lr N0UPCI3t=' ' 


end ? 

N0UPi:73J=='0'? 
NOUPCGI ?='»'? 
NOUPC9:3J~' J'? 
REWRITE(FOUPrNOUP) ? 


<PASS ONE BEGINST 

IJ~()? Mt=0?-CLABEL AND LINE 
OK i »t rue ? REWRITE ( PASl ) ? COK 


# INITIALIZEDT 

FLAG X PASl FILE INITIALIZEDT 


m:== M+1? 

LCJ=0? 

CODETABLE? 

re?*e3t 

GETLINE? GETSYM? 

if(SYM == SYMB0L)3nd(LINEC33 == ':')then 
bed in 

PL ABEL? 

GETSYM 

end ? 

if SYM <> LNEND then 6ETC0MMAND 
else SYNTAX? 

100 t? 

READLN(FINP) 
until EOF(FINP)? 

■CPASS TWO BEG INST 
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•if OK then 
be^in 

RESEKPASl) J 

while not EOF ( PAS 1) do 

be^in 

GETCODE? 

if (CHID =■•= '>|{')3rid<CC43 = ' Mthen 
be£iiri 

Ad] J==CC23J 
Ai:23I=CC33? 

LOOKUP? 

if INTABLE then 
bed in 

Ci;i3J = "0" ? 

01123 I==INTTOHEX<JMPAriR div 256)? 
CC33J==INTT0HEX( < JMPABR div 16)iTiod 16)? 
CL’43 J = INTTOHEX< JMPAIiR mod 16)? 

end 

else c 

CJ= 'ERRJZ^' 

end? 

WRITE ( FOUR fC) ? 
while not EOLN(PASl)do 
bedin 

READ ( PASl i- X ) ? WRITE ( FOUR y X ) 

end ? 

READLN(PASl)? WRITELN(FOUP) 

end 

end 


end 
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APPENDIX D 

SIMULATOR PROGRAM LISTING 


PROGRAM SIMULATORdTYf FOBJ»INPUT»OUTPUT) » 
const 

KING=4294967296J-C2**32> 

QUEEN=2147483648 » ■G2*»31> 

R00K=65536 » -02** 1 6> 

KNIGHT=32768J-C2*)|cl5> 

PAWN=4096K23|c*15> 

NBRK=8 < SIZE OF THE BREAK-POINT TABLE >» 

type 

WRD=0» *655355 
LOCATION^©* *40955 

CMDARRAY=P3cked array Cl* *811 of ch3r5 
Y= record 

CMD JCMDARRAY 

end 5 

var 

F’MEMORY ♦ array CO* *40953 of WRD j-CproSram niemory> 

DMEMORY : array CO* *1433 of WRD5-Cd3t3 memoryT 

INPORT : array CO* *73 of WRD5 

OUTPORT J array CO* *73 of WRIi5 

IR»AR0»ARlfTR tWRD5 

IRHfIRL : 0**2555 

PCrLOW»HIGH : 0* *40955 

STACK : array CO* *33 of 0* *40955 

BRKPT ♦ packed array CO* *40953 of boolean -CBRKPT FLAGS>5 
BRKTABLE ♦ array CO* *NBRK3 of record -Ctable of break-points 

FLAG J booleanr 
PLACE : 0..4095 

end5 

ERRFLAG ♦ boolean < un implemented instruction flas >5 
TRFLG»FLGTR i boolean -CTRACE FLAG>5 
OVM J 0**15 

CK : 0* *5000000«:CL0CK CYCLEST5 

BI0»00FL»INTMf ARP»DP 10**15 a 

ACC f PR » SCRATCH » TEMP 1 0**42979672955 

SYM J CIIiENTIFIER»NUMBERfSLASH»LNEND»UNDEFINED> 5 

AfCOMMANDtpacked array Cl**83 of ch3r-Clexeme/comm3nd>5 

TABLE 1 array Cl **203 of Y 5 

B ♦ integer -Cnumeric lexeme >5 

LINE ♦ array Cl* *813 of char -Ccommand line >5 

CC ♦ integer -Ccharacter count >5 

LL ♦ integer -Cline lenSth >5 

RATE : inteder-CUSER DEFINED INTERRUPT INTERVAL>5 
INTRFLG : boolean-CINTERRUPT ACTIVE FLAG! 5 
FOBJ i TEXT 5 

NOBJ ♦ packed array Cl **93 of char 5 
function INTTOHEXCN* integer) ♦ ch3r5 



PROGRAM SIMULATOR<TTY»FOBJi»INPUTyOUTPUT) ? 
const 

KING“4294967296yC2)|o|c32> 

aUEEN:=:2147483648yC2)K)H31> 

R(30K™6S536J-{:25K*16> 

KNIGHT==32768 J Cim S> 

PAU)N~4096 ? 1 5.> 

NBRK=8 C SIZE OF THE BREAK-POINT TABLE >5 

type 

WRri==0* ♦65535 J 
L0CATI0N=0* *4095? 

CMDAFi:RAY=:p3Ck©d array of chsrJ 

Y~ record 

CMD JCMDARRAY 

end y 

V3r 

PMEMORY ♦ array LO^ ♦40953 of WRDy-Cprodram «iemory> 

BMEMORY J array C0^^1433 of WRDy-Cdata meiTiory> 

INPORT { array i:0^^73 of WRDD 

OUTPORT i array i:0«^73 of WRBy 

IRyAROyARlyTR tUIRBJ 

IRHyIRL t 0^»255y 

PC y LOU y HIGH t 0**A095P 

STACK t array i:0y^33 of ©♦♦4095? 

BRKPT t packed array i:0^y40953 of boolean -tBRKPT FLAGS>y 
BRKTABLE ♦ array CO^yNBRKl of record -Ctable of break-points 

FLAG ♦ boolean y 
PLACE } 0^y4095 

end? 

ERRFLAG ♦ boolean < uninipleiriented instruction fla^ >y 
TRFLGyFLGTR t boolean -CTRACE FLAG>y 
OVM t O^^ly 

CK t O^^SOOOOOOOfiCCLOCK CYCLES>y 

BIOyOVFLylNTMyARPyDP lO^^ly 4 

ACC y PR y SCRATCH y TEMP t 0^ ♦4297967295? 

SYM J (IDENTIFIERyNUMBERySLASHyLNENriyUNBEFINED) ? 

Ay COMMAND ♦ packed array of ch3r-£lexeme/coiiim3nd>y 

TABLE J array Cl ♦♦203 of Y y 

B t integer -Cnumeric lexeme >y 

LINE ♦ array C1^^813 of char "Ccomiriand line >y 

CC ♦ integer -Ccharacter count >y 

LL ♦ integer -Cline lendth >y 

RATE t inteaer-CUSER DEFINED INTERRUPT INTERVAL>? 

INTRFLG t boolean-CINTERRUPT ACTIVE FLAG>y 

FOBJ : TEXT? 

NOBJ t packed array Cl ♦♦93 of char? 
function INTTOHEX(NUnteder) I char? 

var 

T ♦ chary 
bed in 

case N of 

0 t Tt^'O'y 
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1 t 

2 t yi----'2'y 

3 t T:='3'J 

4 i = 

5 t yt-'5'p 

6 t yt^'6'} 

7 t T:='7'? 

8 t 

9 t Jt^'9'i 

10 t 

11 } 

12 t t:=='C'? 

13 J TJ-'D'J 

14 i Tt^'E'P 

15 t TJ--='F' 

erid» 

INTT0HEXJ=T 

end < interri3l“tO“hex >? 
function HEXTOINTCHtchar) J intederJ 
var 

T * integer J 
bed in 


case H of 



"O' 

♦ 

T}=0? 

'1' 

♦ 

♦ 

Tt-lf 

'2' 

♦ 

t:=2? 

'3' 

♦ 

♦ 

TJ-3? 

'4' 

4- 

TJ=4? 

/ c:; / 

♦ 

♦ 

TJ=5? 

'6' 

♦ 

4 

II 

/ y y 

4 

4 

t:=7» 

'8' 

4 

4 

TJ=8J 


4 

4 

TJ=9» 

'A' 

4 

4 

t:=io? 

'B' 

4 

4 

TI=11 J 

'C' 

4 

4 

TJ=12J 

'D' 

4 

4 

t:=13? 

'E' 

4 

4 

t:=14J 

/ p / 

4 

4 

TJ = 15 


end } 

HEXT0INT1=T 
end < hex-to-"internal 

procedure INITCRESETS ALL EXCEPT PROG MEM & OVFL>» 
var 

K J integer » 
bed in 

for KI=--0 to 143 do BMEMORYCKl L-OJ 

for KJ-0 to 7 do 
b0sS i n 

INP0RTCK3J-0? OUTPORTI:K3J===0 

end } 

for KJ-0 *bo 3 do STACK CK 3 J-0? 
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ACCJ-OJ PRJ=05 PCJ«OJ AROt==Oi! ARlJ==-0» 

tr:-oj arpj^oj dpj^oj oum{==o> bio : =15 
iNTM :==oj ck:==o 

end » 

procedure LOABKPROGRAMi- CONSTANTS & BATA IN PMEMORYT 
ver 

I : integer )> 

F'LOC : 0**4095J 

X : chery 

bo'^iSin 

WRITECrrYy 'GIVE OBJ FILENAME : ')5 

BREAK (TTY)? i:=0? 

while not EOLN<TTY)do GET (TTY)? 

GET(TTY) ? 

while not EOLN(TTY)do 
bed in 

i:==I+l? 

if I<=6 then N0BJi;i3:=TTY"? 

GET (TTY) 

end ? 

while I<6 do 
bed in 

i:=i+i? nobje:i3:=' ' 

end? 

N0BJC73:"'0' ?N0BJC83: = 'B' ?N0BJi:93J~' J' ? 
RESET ( FOB J r NOB J ) ? B : -0 ? 
for i:=l to 4 do 
i n 

READ(FOBJyX) ? ACia:=X 

end ? 

for i:=2 to 4 do B:=B5 |c 16 •fHEXTOINT(ACI!] ) ? 
pc:=B? PL0c:-B? 

READLN(FOBJ>? 
while not E0F(F0BJ)do 
bed in 

b:==o? 

for i:=l to 4 do 
be^in 

READ(FOBJyX) ? ACIK=X 

end? 

if AC13='*' then 
bed in 

for i:=2 to 4 do 

B t ==B>lcl6+HEXT0INT ( AC 1 0 ) ? 

ploc:=b 

end 
else 
bed in 

for i:=l to 4 do 

B:=B5|c16 +HEXT0INT(ACI3)? 

PMEM0RYCPL0C3J-B? 

PL0C: = (PL0C+l)iTiod 4096 



end 


\S(y 


end? 

REEAriLN(r"OBJ) 

end ? 

procedure GETSYM -C lexical analaser >5 
var 

K ♦ integer? 
bed in 

sym:::=undef:[ned? 

while<CC<LL> 3 nd(LINECCC+ 13 ™'' ")do CCJ=CC+j » 

if CC=l.L then SYHt«LNEND 

else 

if LINEi:CC+13 in * '2' f ' 0' , * ' 9' 1 then 

bed in 

SYMi=NlJHBER? K:=0? B{==0? 

repeat 

if K<8 then 
bed in 

K:==K+15 ACK3I=LINELCC+13 

end ? 

CCt-CC+1? 

if ACKa in \:'G'**'Z'2 then 
SYMJ-= IDENTIFIER 

until(CC=LL)or not< LINECCC+II in 
Z'Pi' **'Z' 9 ' 0 ' 
while K<8 do 

bedin KJ=Kfl? A£:K3: = ' ' 
end? 

if SYM=NU«BER then 

for KJ=:1 to 8 do 

if ACKIO' " then 

B t =B* 1 6+HEXTO I NT ( A C K D ) 

end 

else 

bedin 

if LINEi;CC+13 = V' then SYMJ=SLASH? 

cc:-cc+i 

end 

end -C detssm >? 
procedure ERROR ?-CCOMMAND ERROR> 
bedin 

WRITELN(TTY) ? 

URITELNCrTYy 'Command-syntax-error' ) 
end -C error >? 

procedure GETLINE? -CCOPY ONE LINE> 
b(5i^in 

while not EOLN(TTY)do GET<TTY)? 

GET(TTY)?CCJ==OI LLt==0? 
while not EOLN<TTY)do 

bedin LLJ=LL+1? LINECLLil J-=TTY"? GET<TTY) 

end 

end •£ detline >? 
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i-'Tocedure riEPOSITliy CLIEPOSIT IN DATA ME«ORY.> 
var 

IiLOC { 0^,143? 

T I packed array Cl*«83 of char? 
bed in 

GETSYM ? 

if SYM=NUMBER then 
heain 

riL0CJ==B mod 144? 

TT 0 F* 0 <3 ‘t* 

AC13J-INTT0HEX(DL0C div 16)? 
AC23{=INTTOHEX(DLOC mod 16)? 

WR-ITECTTYy AC13 J-AC23 K ) ? 
BREAK(TTY)?GETLINE? GETSYM? 
if SYM==NUMBER then 
beain 

while B>65535 do BJ=B mod ROOK? 
BMEMORYCriLOC;) J«B? 
riLOCJ = <riLOC+l)mod 144? 

end 

else 

if SYMOLNEND then ERROR? 
until SYM^LNENB 

end 

else ERROR 
end •CBEPOSITDT? 

procedure riISPLAYD?<DISPLAY BATA MEMORYT 
var 

BLOC JO. ,143? 
bed in 

GETSYM? 

if SYM=NUMBER then 
bedin 

BL0CJ-=B mod 144? 
repeat 

Ai:i3J=INTT0HEX(BL0C div 16)? 
Ai:2TJ==INTT0HEX( BLOC mod 16 )? 

WRITE<TTYf AClTfAi:2Tr V' » 
INTT0HEX(BMEM0RYI:BL0C3 div PAUN)» 
INTTOHEX(<BMEMORYCBLOCT div 256)mod 16))- 
INTTOHEX((BMEMORYCBLOC3 div 16)mod 16) a- 
INTT0HEX(BMEM0RYCBL0C3 mod 16 ) ) ? 

BREAK ( TTY ) ?GETLINE? GETSYM? 
if SYMOSLASH then 

BL0CJ=(BL0C+l)mod 144? 
until SYM=SLASH 

end 

else ERROR 

end-CBISPLAY BATA MEMORYT? 
procedure BEPOSITP? 
var 

PLOC JO ..4095? 



\Sfc 


bc3^in 

GETSYMJ 

if SYM=:=NUHBER then 
be^in 

PLOCJ-B mod 4096? 
reF-est 

AC1K = INTT0HEX(PL0C div 256)5 
Ai:23J = :[NTT0HEX<(PL0C div 16)mod 16)5 
Ai:33: = INTTOHEX<PLOC mod 16)5 

WRITE(TTYyACiarAi:23yAC:33y V' )5 
BREAK(TTY)5 GETLINE5 GETSYM5 

if SYM=NUMBER then 
i r’l 

while B>65535 do BJ=B mod ROOK 5 

PMEMORY CPLOC.i:=B5 
PL0C:=(PL0C+l)mod PAWN? 

end 

else 

if SYMOLNEND then ERROR? 
until SYM-LNENB 

end 

else ERROR 
end-CDEP0SITP>5 

procedure DISPLAYP5 

V<3 Y' 

PLOC t 0. *40955 

bejsin 

GETSYM5 

if SYM=NUMBER then 
b0£i i n 

PLOC J =B mod PAWN 5 
repeat 

AC13J=INTT0HEX(PL0C div 256)5 
AC23t=INTT0HEX( (PLOC div 16)mod 16)5 
AC33J=INTT0HEX(PL0C mod 16)5 
URITE<TTYi.Ai:i3»A[;2arAi:33y y 
INTTOHEXCPMEMORYEPLOCa div PAWN) y 
INTT0HEX( (PMEMORYCPLOCD div 256)mod 16) y 
INTT0HEX( (PMEMORYCPLOCl div 16)mod 16) y 
INTT0HEX(PMEM0RYCPL0C3 mod 16)) 5 
BREAK<TTY)5 GETLINE5 GETSYM5 
if SYMOSLASH then 

PLOC J=(PL0C+1) mod PAWN? 
until SYM=SLASH 

end 

else ERROR 

end-CDISPLAY PROGRAM MEM0RY> 

A 

y 

procedure DEPIP0RT5 
var 

PORT JO. *75 
bed in 



is^ 


GETSYM y 

if SYii“NUHE!ER then 
be^in 

PORTJ=B mod 8? 
repeiBt 

URITEdTYy "IPORTC" yP0RTJ2y "3/' ) y 
BREAK(TTY)y GETLINEy GETSYMJ 
if SYM==NUMBER then 
bed in 

while B>65535 do BJ~B mod ROOK y 

INPORTi;PORT3t=By 

PORT! =(PORT+l) mod 8 

end 

else 

if SYflOLMEND then ERROR? 
until SYH^LNEND 

end 

else ERROR 

end-CDEPOSIT IN P0RT>y 
Frocedure BISOPORTy 

var 

PORT t 0*,7y 
bed in 

GETSYMy 

if SYM»NUMBER then 
bed in 

P0RT;=B mod 8y 
repeat 

WRITE <TTYy 'OPORTC " yPORTy 'J/'y 

INTTOHEXCOUTPORTCPORTO div PAWN)y 
INTTOHEX( <0UTP0RTCP0RT3 div 2S6>mad 16) y 
INTTOHEX< (OUTPORTCPORTl div 16)mod 16) y 

INTTOHEXCOUTPORTCPORTO mod 16) )y 
BREAK(TTY)y GETLINEy GETSYMy 
if SYMOSLASH then PORT J = <P0RT+1 ) mod 8? 
until SYM=SLASH 

end 

else ERROR 

endT:DISPLAY OUT PORT>y 
procedure BEPOSITR? 
var 

T ♦ packed array Cl* ♦81 of char? 
bed in 

GETSYM? TJ==A? 
if(T=='PC ')then 

tk ^ ^ i Tl 

WRITE(TTYyAy V' ) ?BREAK(TTY) yGETLINE? GETSYM? 

if SYM=NUMBER then 
b©5^iri 

while B>4095 do B:=B mod PAWN? 

PC}=B? 


end 
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end 

else 


else ERRQFi: 


if(A=="AR0 ')or<A-='ARl '> 

or(A="lR ')or(A~'TR ' )theri 

bedin 

URITE(TTY^A » '/'>f 
BREAK(TTY)? GETLINEJ GETSYM? 

if SYM=NUMBER then 
n 

while B>65535 do B?=B div 16 i 
if t='ARO ' then ARO;==B 

6 1 S0 

if T='AR1 ' then 

AR1J=B 

CIO 

if T-^TR ' then 

TRI==B 

else 

if T-'IR 

then IR:=B 

end 

else ERROR 


end 

else 


•' >or< A-'P’R 


if<A='ACC 
besin 

URITEtTTY^Af 

BREAK < TTY)? GETLINE?GETSYM ? 
if SYM=NUMBER then 

Hdcti Pi 

while B>-KING do 

B*=B mod KING? 
if T='ACC ' then 

ACCJ=B 


'' ) then 


else 


end 

else ERROR 


if t='PR 

then PR»=B 


end 

else 


' )or(A='DP 
' ) then 


) 


if (A='ARP 
or<A"‘'BIO 
bed i n 

URITE(TTYrA» '/' )? 

BREAK(TTY)? 6ETLINE?GETSYM? 

if SYM=NUMBER then 
bed in 

while B>1 do 

Bt=B div 2? 
if T^'ARP 



else 


then ARPJ=B 


if T=="IiP 

then DP:=B 

end 

else ERROR? 

GETSYM? 

if SYMOLNEND then ERROR 


end 

else ERROR 

end CDEPOSIT REGISTER>? 
procedure BISPLAYRy-tdispley redister> 
bed in 

6ETSYM f 

if(A='ARO '')or(A=‘'ARl '')or<A='TR ') 

ortA-'IR '')or(A~'PC ‘')then 

hedin 

if A='PC ' then 

bed in 

B ♦ ^PC y 

WRITELN(TTY»A» 

INTTOHEX(B div 256) 
»INTTOHEX(<B div 16) mod 16))- 

INTTOHEX(B mod 16))? 

BREAK (TTY) 

end 


else 


if A“'AR0 '' then B*=ARO 

else 
bed in 

if a=='AR 1 ' then B{=AR1 

else 

if a^'TR ' then Bt=TR 

else 

if A-'IR 

then Bt=IR? 


WRITELNCTTY^A)- '/' x 
INTTOHEX(B 


div PAWN) X 


INTTOHEX((B div 256)mod 16) x 
INTTOHEX(<B div 16)mod 16) x 
INTTOHEX<B mod 16) )x 


BREAK (TTY) 


end 


end 

else 


' )or(A='PR 


) then 


if (A=:'ACC 
bed in 

if A='ACC ' then B*=ACC 

f? X s© 

if Aar'PR ' then B*==F'Rx 

WRITELN(TTYxAx'/'x 

INTTOHEX(B div 268435456 )x 



INTTOHEX(<B div 16777216) mod 16) 
INTTOHEX<<B div 1048576) mod 16) i. 
INTT0HEX((B div R00K)mod 16) f' ' 
INTT0HEX((B div PAWN) mod 16) y 
INTT0HEX<(B div 256) mod 16) y 
INTT0HEX<(B div 16)mod 16) y 
INTTOHEXOEt mod 16) ) 5 
BREAK < TTY ) i 

end 

else ERROR 
end -CDISPLAYRTJ 

procedure SETTRACEy-Cset treceT 
be.diri 

WRITE(TTYy 'LOW t ')? 

BREAK ( TTY )y GETLINEy GETSYMy 
if SYM«NUMBER then LOWJ^B mod PAWN 
else ERROR? 

WRITE(TTYy 'HIGH t ')? 

BREAK(TTY)y GETLINEy GETSYM y 
if SYM=NUMBER then HIGHt-B mod PAWN 
else ERROR? 

TRFLGJ=true 

end ? 

procedure REMTRACE?-Cremove trsceT 
bedin 

TRFLGJ-false? 

FL6TRJ==f3lse 

end? 

procedure PLOT? 
ver 

HIGHyLOWyPLOC }0»*4095? 
besfin 

WRITE<TTYy 'LOW t ')? 

BREAK(TTY)? GETLINE? GETSYM? 
if SYM~NUMBER then L0W*=B mod F'AWN 
else ERROR? 

WRITECTTYy 'HIGH J ')? 

BREAKCTTY)? GETLINE? GETSYM ? 
if SYM=NUMBER then HIGHt=B mod PAWN 

else ERROR? 
repeat 

PL0CJ=L0W? L0Wt=L0W+2? 
bpisin 

BJ==PMEM0RYi;PL0C3? 

B:=<B+ KNIGHT) mod ROOK? 

BJ«B div 820? 

*i* 

WRITE(OUTPUTy' ')? BJ=B-1 
until B=0? 

WRITELN(OUTPUTy ) 

end? 

until L0W>HIGH 
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endJ 

procedure PINTR-CSETS INTERRUPTS AT USER DEFINED INTERVALST? 
besiin 

WRITE(TTYi- 'GIVE INTERRUPT AT CLOCK CYCLES t ')» 
BREAK(TTY>J GETLINE? GETSYMv 
if SYM^NUMBER then RATEJ==B 
else ERROR? 

INTRFLGt==true 

end? 

procedure EXECUTE -C EXECUTE ONEi! INSTRUCTION >r 
var 

PREVPC t 0,*A095} 

IRH^IRL t 0»*255? 

PLOC t 0»*4095? 

BLOC i 0**255} 

INTERRUPT t boolean-CINTERRUPT FLAG>? 
PREUINTRIboolesn-CINTERRUPT IN LAST CYCLE:FLAG>? 
riELAYJboolean-CINTERRUPT TO DE DELAYED BY ONE CYCLE>? 
procedure BADINST ffbsd instruct ionT 
bed in 

ERRFLAG:=true? 

WRITELN(TTY)? 

WRITELN(TTY» 

'UNIHPLEiiENTED INSTRUCTION AT USER PCJ'i- 
INTTOHEX< PREVPC div 256) » 

INTTOHEXt (PREVPC div 16)niod 16))- 
INTTOHEX< PREVPC mod 16) ) 

end -CBADINSTT? . ^ 

procedure DERRORSTdata address “ warnindJ' 

bedin 

WRITELNCTTY)? 

WRITELN(TTY» 

'DATA ADDRESS OUT OF RANGE AT USER PC*'» 
INTTOHEX( PREVPC div 256) » 

INTTOHEX( (PREVPC div 16)mod 16) » 
INTTOHEX( PREVPC mod 16)) 


ON TERMINALTi 


end } 

procedure TRACETTRACE DISPLAYED 
bedin 

WRITELNdTYr 'PC:'j- 

INTTOHEX(PC div 256) » 

INTTOHEX((PC div 16)niod 16) » 

INTTOHEX(PC mod 16)1-' 

'ACCt '»INTTOHEX(ACC div 268435456) y 

INTTOHEX( (ACC div 16777216)mod 16) f 
INTTOHEX( (ACC 
INTTOHEX((ACC 
INTTOHEX( (ACC 
INTTOHEX( (ACC 
INTTOHEX((ACC 
INTTOHEX(ACC mod 16) f' '» 

'AROt ' »INTTOHEX(ARO div PAWN)f 


div 

div 

div 

div 

div 


1048576)mod 16) f 
ROOK) mod 16 )» 
PAWN) mod 16) 
256)mod 16) » 
16)mod 16) » 
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INTTOHEX(<ARO div 256) mod 16), 
INTTOHEX( <ARO div 16)mod 16), 

1NTT0HEX(AR0 mod 16),' 

'ARir ,.TNTT0HEX(AR1 div PAWN), 
INTTOHEXf (ARl div 256)mod 16), 

INTT0HEX((AR1 div 16)mod 16), 
INTT0HEX(AR1 mod 16),' ', 

'STATUS! ',0VFLJ2, 0yMJ2,INTMJ 2, 
ARP!2,DP:2,' CLKJ',CKJ5)? 

BREAK (TTY) 

end? 

procedure PINTERRUPTTCHANGES PC APPROPRIATELY>? 
vsr 

K ♦ inte£{er ? 
bedin 

if(CK mod RATE=0)theri 

bedin INTERRUPT rue? PREUINTRJ =true 

end else 

if((CK mod RATE~l)or(CK mod RATE"2))3nd 
not PREVINTR then 

besin INTERRUPT J~true?PREVINTRJ=t rue 
end 

else PREVINTRt=f3lse? 

if (INTERRUPT and not DELAY 3nd( INTM=0) )theri 
b0iSin 

INTERRUPTJ==f3lse?INTM! = l? 
for KJ-3 downto 1 do 

STACKCKI ! ^STACKCK-l 3 ? 

stacki:o3:==pc?pc!=2 

end 

end? 

procedure OPRND?-Cfetch operand, modify AR,ARP> 
procedure PINCREMENT? 
bed in 

if ARP=0 then 

if(ARO mod 512=511) 

then AR0:=AR0--511 
else AR0:=AR0+1 

else 

if(ARl mod 512=511) 

then AR1!=AR1”511 
else AR1J=AR1+1 

end? 

procedure PDECREMENT? 
bedin 

if ARP=0 then 

if(ARO mod 512=0)then AR0J=AR0+51 
else ARO!=ARO-1 

else 

if(ARi mod 512=0)then AR1J=AR1+51 
else AR1J=AR1“1 

end? 



beiSiri 

if 1RL<128 then DLOCJ =DP*128+IRL 
else 
besSin 

if ARP«0 then DLOCt=ARO mod 256 
else DL0C:=AR1 mod 256? 

IRLJ=IRL“128? 
if IRL>=48 then BADINST? 
ifCIRL mod 8>l)then BADINST? 
ifdRL div 32=1) then PINCREMENT? 
ifdRL div 16=1) then F^DECREMENT? 
if<IRL mod 16<2)theri ARP{ = IRL mod 2 

end ? 

if DLOC< 144 then 

SCRATCH J=DMEMORY CDLOC^ 
else DERROR 
end -CFETCH OPERANDT ? 
procedure PSGNA ?-€sidri % overflowT 
bed in 

i f < ( ACCCQUEEN ) and ( SCR ATCH<QUEEN ) 
and ( TEMP>=QUEEN ) ) then 
bed in 

OVFLf=l? 

if 0VM=1 then ACC{=QUEEN~1 
else ACCt=TEMP 

end 

else 

if(<ACC >=QUEEN) and (SCRATCH >=QUEEN) 
and ( TEMPCQUEEN )) then 
bed in 

OVFLt=l? 

if 0VM=1 then ACCJ=QUEEN 
else ACCJ=TE«P 

end 

else ACCJ=TEMP 

end? 

procedure PTRACE?-Cset or reset traceT 
bed in 

if LOW=PREVPC then FLGTR:=true? 
if HIGH=(PREVPC“l)then FLGTRJ =false? 

end? 

procedure PADS? 
b i n 

if ACC >=QUEEN then ACCJ =KIN6-ACC? 
i f ( ACC=QUEEN ) and ( 0VM=1 ) then 
ACCJ=QUEEN-1? 

CKt=CK+l 

end? 

procedure PADD? 
var 

D J inteder? 
bed in 



OPRND? 

i f < SCRATCH >=KNIGHT ) then 

SCRATCH J ~KIN(3+SCRATCH-ROOK 5 
DJ=IRHP 
while D >0 do 
bedin 

SCRATCH : - ( SCRATCH*2 ) mod K ING J 
DJ=D“1 

end f 

TEMPI =<ACC+SCRATCH)mod KING? 

PSGNA ? 

CKI=CK+1 

end ? 

procedure PADDH? 
foe din 

OPRND? 

SCRATCH t=SCRATCH>KR00K? 

TEMPI =( ACC+SCRATCH )mod KING? 

PSGNA? 

CK I=CK+1 

end? 

procedure PADDS? 
bed in 

OPRND? 

TEMPI=(ACC+SCRATCH)mod KING? 

PSGNA? 

CKI==CK+1 

end ? 

procedure PAND? 
var 

K»D I inteder? 
bed in 

OPRND? 

TEMPI=ACC mod ROOK? 

ACC 1=0? 

DI=R00K? 

for KI™1 to 16 do 
bed in 

ACCI=ACC)lc2? DI=D div 2? 
if ((SCRATCH div D)mod 2=l)3nd 
((TEMP div D)mod 2=1) then 

ACCI=ACC+1 

end ? 

CKI=CK+1 

end ? 

procedure PAPAC? 
bed in 

SCRATCH I =PR? 

TEMP I=(ACC+SCRATCH) mod KING? 

PSGNA? 

CKI=CK+1 


end? 
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F-rocedure PBJ 
be^in 

PC t == < PMEMORYCPC] ) rood PAWN ? 

ck:-«ck+2 

end? 

procedure PBANZf 
bedin 

if ARP=0 then 
bed in 

SCRATCH J==ARO mod 512 J 
if SCRATCHOO then 

bed in 

PL0Ct=PC5 

PCt = < PMEMORYCPLOCT ) mod PAWN p 
AR0J=AR0“1 

end 
else 
bed in 

PCJ=PC+1 J 
AR0:=AR0+511 

end 

end 

else 

bedin 

SCRATCH?-AR1 mod 5125 
if SCRATCHOO then 

bedin 

PL0C:=PC5 

PCJ=(PMEMORYnPLOCl)rood PAWN? 
ARi:~ARl~l 

end 

else 

bedin 

PC J-PC+1? 

AR1J=AR1+511 

end 

end? 

CKt=CK+2 

end? 

procedure PBGEZ? 
bedin 

if ACC< QUEEN then 

PCJ = <PiiEM0RYi:PC3)iiiod PAWN 
else PCJ=PC+1? 

CKt=CK+2 

end ? 

procedure PBGZ? 
bedin 

i f ( ACOO ) 3nd < ACCCQUEEN ) then 

PC:=(PMEM0RYCPC3)mod PAWN 
else PCI=PC+1? 

CKt=CK+2 



end » 

r-rocedure PBIOZf 
bed in 

if (BI0=0)th©ri PC: = <PMEhiORYi;PC3>mod PAWN 

else PC{=PC+15 

CKJ=CK+2 

end? 

procedure PBLEZJ 
bed in 

i f ( ACC«=0 ) o r ( ACO^QUEEN ) then 

PCJ = (PMEM0RY[;PC3 )iriod PAWN 
else PC;=:PC+1J 

ck:«ck+2 

end 5 

procedure PBLZJ 
bcjsii n 

if ACC;>=QUEEN then PC:==<PMEM0RY[:PC3)iTiod PAWN 
else PCJ=PC+1» 

CKJ=-~CK+2 

end ? 

procedure PBNZJ 
bed in 

if ACCOO then 

PCJ = (PMEf10RYCPC3)mod PAWN 
else PC:=PC+1J 
CKJ=CK+2 

end? 

procedure PBV? 
bed in 

if (OVFL=l)theri 
in 

PCI = (PMEiiORYCPC3)nioci PAWN? 

OyPLJ^O 

end 

else PC}=PC+1? 

CKt=CK+2 

end? 

procedure PBZ? 
i n 

if <ACC=0>then PCi=(PMEN0RYCPC3)mod PAWN 
else PC:=PC+1? 

CKt=CK+2 

end? 

procedure PCALA? 

V3r 

K ♦ inteder? 
bed in 

for K*==3 downto 1 do 

STACKi;K3t=STACK[;K~13? 

STACKi;03t=PC? 

PC:==ACC mod PAWN? 

CKt=CK+2 





end > 

procedure PCALL? 
var 

K ♦ integer? 
bed in 

for K*-3 down to 1 do 

stacki:kdj=stacki:k-13? 

STACKi:03J=PC+lr 

PCt«==PMEM0RYCPC3? 

CKJ=CK+2 

end? 

procedure PDINT? 

bed in 

INTMJ==1? 

CKJ-CK-fl 

end y 

procedure PUMOV? 
bed in 

OPRNDy 

riLOCt=nLOC+ly 
i f ( DLOCC 1 4-4 ) then 

DMEM0RYI:DL0C3 J -s-SCRATCH 
else DERRORy 
CK:™CK+1 

end? 

procedure PEI NT? 

Kpcf i n 

INTMt=0? DELAY J=t rue? 

CKt=-CK+.t 

end ? 

procedure PIN? 
var 

X t char? 

KyD tinteder? 
bedin 

OPRND? 

DJ=IRH mod 8? 
if D=0 then 
bedin 

b:=o? 

for KJ=1 to 4 do 

o i ri 

READ(INPUTyX) ? 
if X in i:^0'».'9'»'A'*»'F'3 
then XJ=X 
else BADINST? 
BJ=B*16+HEXT0INT(X) 

end? 

READLN< INPUT)? 

DMEMORYCDLOC^t-B 

end 

else DMEMORYCDLOC3J=INPORTI:D3? 



CK{=CKf2 
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end ? 

PT'ocedulr'e PLAC? 
var 

D ♦ integer? 
bed in 

OPRND? 

if (SCRATCH>=KNIGHT)then 

SCRATCH t ==KI NG+SCRATCH“ROOK i 
DJ==IRH mod 16? 
while D>0 do 
bed in 

SCRATCH t==(SCRATCH>K2) mod KING? 
lU-D-l 

end? 

ACC J -SCRATCH? 

CKt=CK+l 

end ? 

procedure PLACK? 
bed in 

ACCJ==IRL? 

CKt=CK+l 

end ? 

procedure PLAR? 
bed in 

OPRND? 

if<(IRH mod 8)div 2=0) then 
bed in 

if<IRH mod 8=0) then AROJ=SCRATCH 
else AR1*=SCRATCH 

end 

else BADINST? 

CKt=CK+l 

end ? 

procedure PL ARK? 
b©siiin 

if(<:iRH mod 8)< 2 )theri 

ifCIRH mod 2=0) then AR0+=IRL 

else AR1J=IRL 
else BADINST? 

CKI=CK+1 

end? 

procedure PLARP? 
b^siiri 

if<(IRL div 2)=64)then ARPJ=IRL mod 2 
else BADINST? 

CKJ=CK+1 

end ? 

procedure PLDP? 
bed in 

OPRND? 

DPt=SCRATCH mod 2? 



\7I 


CKI=CK+1 

end $ 

F'rocedure PLDPKJ 
bedi n 

:lf((IRL div 2)=0>theri BPJ=IRL mod 2 

else BABINSTJ 

CKJ=CK+1 

end? 

procedure PLST5 
be^in 

OPRNDJ 

0VFL:= (SCRATCH div KNIGHT) mod 25 
0VM:-(SCRATCH div 16384)iri0d 2? 

ARPJ= (SCRATCH div 256) mod 25 
nPJ^SCRATCH mod 25 
CKJ=CK+1 

end 5 

procedure PLT5 
bed in 

0PRND5 

TRJ==SCRATCH5 

CKJ=CK+1 

end 5 

procedure PLTA5 
bedin 

OPRNDf 

TRt==SCRATCH5 

scratch:=pr5 

TEHP: = (ACC+SCRATCH)mod KING 5 

PSGNA5 

CKt=CK+l 

end 5 

procedure F‘LTri5 
bed in 

0PRND5 

TRJ==SCRATCH5 
SCRATCH :=PR 5 

TEMP J=(ACC+SCRATCH) mod KING5 
PSGNA5 

DMEMORYCDLOC+l 1 1 ==DMEM0RYI:DL0C3 5 
CKt-CK+1 

end 5 

procedure PMAR5 
bed in 

0PRND5 

ck:=ck+i 

end 5 

procedure PMPY5 
ver 

PyQ tbooleanS 
bed in 

Pt=true5 Q*=true5 
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OPRND? 

i f ( TR--=KNIGHT ) and ( SCRATCH=== KNIGHT ) then 
PR:==aUEEN+aUEEN div 2 

else 

be^in 

if ( SCRATCH>=KNIGHT) then 
beain 

PJ=falsey 

SCRATCH t ==ROOK-SCRATCH 

end? 

TEMPt=::TR? 

i f ( TEMP>:=KN I GHT ) then 
be^in 

Qt-false? 

temp:=rook-temp 

end? 

PRJ=TEMP)|(SCRATCH? 
if <P<>a)then 

PRi=KING~PR 

end ? 

DELAY I =t rue? CK}=CK+1 

end ? 

procedure PMPYK? 
var 

Pi-Q J boolean? 
besiin 

pjsstrue? QJ=true? 

SCRATCH f»IR mod 8192? 
if ( SCRATCH>=PAWN ) then 

besSin 

SCRATCH t =SCRATCH+5734'4 ? 

PJ=f3lse? 

SCRATCH t =ROOK~SCRATCH 

end? 

TEMPJ=TR? 

if (TEMP ;>KNIGHT)then 
beMin 

QJ-false? 

TEMP (ROOK-TEMP) 

end? 

pr:=temp*scratch? 

if((P and (not Q))or((not P)3nd Q))then 
PRt==KING-PR? 

DELAYJ=true? CKJ=CK+1 

end ? 

procedure PNOP? 
be^in 

CKJ=CK+1 

end? 

procedure POR? 
var 


Ki»D ♦ integer? 
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be^in 

OPRNDJ 

TEMPJ=ACC mod ROOK? 

ACCJ=0? 

DI=R00K? 

for Kt~l to 16 do 
bedin 

Acc: -Acc)|{2? ri:"ri div 2? 

if < (SCRATCH div D)iTiod 2=1) or 
((TEMP div D)mod 2=l)then 
ACC :=ACC+1 

end ? 

CKJ=CK+1 

end ? 

procedure POUT? 

V3r 

X t char? 

D ♦ inteder? 
bed in 

OPRND? 

Dt=IRH mod 8? 

OUTPORTC 03 i =:SCRATCH ? 
if li^O then 
bedin 

BJ=SCRATCH? 

WRITE ( OUTPUT »INTT0HEX(B div 4096) » 
INTT0HEX((B div 256)mod 16)!- 
INTT0HEX((B div 16) mod 16) » 
INTT0HEX(B mod 16))? 

WRITELN( OUTPUT) 

end? 

CKJ=CK+2 

end? 

p r ocedu re PP AC ? 
bedin 

ACC?=PR? 

CK :=CK+1 

end? 

procedure PPOP? 

V3r 

K ♦ inteder? 
bedin 

ACCt=STACKi:03? 
for K*=lto 3 do 

STACKi:K-iat=STACKnK3? 

CK J=CK+2 


end? 

procedure PPUSH? 

V3r 

K ♦ inteder? 
bedin 



\ 74 - 


for KJ=3 down to 1 do 

STACKCK3 1 ==STACKI:K“1 2 i 
STACKCOK=ACC mod PAWMJ 
CK7=CK+2 

end? 

procedure PRET? 

V3r 

K ♦ integer? 
bedin 

PCJ=STACKC03? 
for KJ=1 to 3 do 

STACK i:k-13{=stacki:k3? 

CK{=CK+2 

end? 

procedure PROVM? 
beiSin 

OVMJ^-^O? 

CK J=:CKH 

end ? 

procedure PSACH? 

V3r 

El I integer? 
bed in 

OPRND? 

EiJ = IRH mod 8? 
if (B==0)or(D=l)or<B=4)theri 
bed in 

SCRATCH ACC? 
while(B>0)do 

bed in 

SCRATCH :==<SCRATCH*2) mod KING? 
BJ=B~1 

end? 

SCRATCHJ=SCRATCH div ROOK? 
BMEM0RYEBL0C3J=:SCRATCH? 

end 

else BABINST? 

CKt-CK+1 

end ? 

procedure PS ACL? 
bedin 

OPRNB? 

BMEMDRYL’BLOC] t=ACC mod ROOK? 

CKI=CK+1 

end? 

procedure PSAR? 
bedin 

OPRNB? 

ifdRH mod 2)=0 then BMEMORYCBLOC3:=ARO 
else BMEM0RYCBL0C3J=AR1? 

CK{=CK+1 


end ? 



procedure PSOVMJ 
be^in 

OVMt-l? 

CKJ=CK+1 

end? 

p rocedu re PSPAC f 
b€?sJ i n 

SCRATCH J=KING--PR? 

TEMP : = < ACC+SCRATCH > mod KING? 

PSGNAJ 

CKJ-~CK+1 

end? 

procedure PSST J 
be^in 

ifd’RL mod 128)=0 then 
b0sJ i n 

"if IRL<16 then DLOCI =128+rRL 
else BADINST 

end 

else OPRNDf 

nMEM0RYCriL0C3J=0yFL>KKNIGHT+0yM>l< .16384 

+ARP>}c256+riPJ 

CKJ~CK+1 

end » 

procedure PSUBJ 
var 

El * intesfer? 
bed in 

OPRND? 

if SCRATCH>=KNIGHT then 

SCRATCH J =K I NG+SCRATCH“ROOK y 
EU~IRH mod 16y 
while D>0 do 
bedin 

SCRATCH J==<SCRATCH3|c 2) mod KING? 

rij=ri-i 

endy 

SCRATCH t =:KING~SCRATCH y 
TEMPJ=(ACC+SCRATCH)mod KING? 

PSGNAy 

CKJ=--CK+1 

end? 

procedure PSUBC? 
bed in 

OPRMD? 

if SCRATCH>=KNIGHT then 

SCRATCH J=KINQ+SCRATCH~ROOK? 

SCRATCH : = (SCRATCH>KKNIGHT) mod KING? 

SCRATCH : =KING-SCRATCH ? 

TEMP :=( ACC+SCRATCH) mod KING? 

if (TEMP div ROOKX KNIGHT then 
ACC: = <TEMP)l«2+l)raod KING 
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else ACCJ-(ACC)K2)iriod KIN(3y 
CKJ~CK+1 

end J 

procedure PSUBH? 
bed in 


OPRNDy 


scratch: 

scratch: 


=SCRATCH>KROOKJ 

=KING“SCRATCHy 


TEMP : = < ACC+SCRATCH ) mod KING ? 

PSGNAy 

CK:=CKil 


end? 

procedure PSUBS t 
bed in 


OPRND!! 

SCRATCH : »KING-SCRATCH ? 

TEMP : = (ACC+SCRATCH ) mod KING J 
PSGNA? 

ck:==ck+i 

end? 


procedure PTBLR5 
bed in 

OPRND y 


stacki:3i:=stackc23j 

PLOC:=--ACC mod PAWN? 
DMEM0RYCDL0C3 :=PMEMORYI:PLOCI ? 
ck:«ck+3 

end y 

procedure PTBLWJ 
bed in 

OPRNDy STACKE3i:=STACK[:23y 
PLOC:=ACC mod PAUNy 
PMEM0RYCPL0C3:=riMEM0RYCDL0CIy 
ck:=ck+3 

endy 

procedure PXORy 
vsr 

PyQ : boolean? 


KfD :intedery 
bed in 

OPRNDy 

TEMP :« ACC mod ROOK? 

ACC:==Oy D:=ROOKy 
for k:- 1 to 16 do 
bedin 

ACC:=ACC*2? D:=D div 2? 

if(SCRATCH div EOmod 2=1 then p:=true 

else P:=f3lsey 

if(TEMP div D)mod 2=1 then Q:=true 
else Q:=f3lsey 
if<P<>Q)then ACC:=ACC+1 


end? 
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CKJ=CK+1 

end!' 

F-rocedure PZAC? 
be^in 

ACCJ==Op 

CKJ=CK+1 

end J 

procedure PZALHJ 
bed in 

OPRND? 

ACC t '=SCRATCH>KROOK » 

CK{=-"-CKfl 

end 9 

procedure PZALS? 
bed in 

OPRND? 

ACC X ^SCRATCH ? 

CKJ==CK-fl 

end 5 

procedure PMISC? CIRH commorn' inspect IRL> 
V3r 

K * inteder? 
in 

" K:=:IRL mod 128? 

if K>29 then BAD INST? 
i f ( K>2 ) and < K<8 ) then BAD I NST ? 

if(K mod 28>16)then BADINST? 
C3se K of 

0 t PNOP? 

1 : POINT? 

2 t PEINT? 

8 t PABS? 

9 : PZAC? 

10 J PROVM? 

11 t PSOVM? 

12 t PCALA? 

13 t PRET? 

14 t PPAC? 

15 t PAPAC? 

16 t PSP AC? 

28 t PPUSH? 

29 { PPOP 

end 

end? 

•CEXECUTE BEGINST 

m cf i r*i 

IRJ=PMEM0RYI:PC3? 

IRHt=IR div 256? 

IRLJ=IR mod 256? 
prevpc:-pc? 

PC{==PC+1? 

ERRFLAGt^fslse? 
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DELAY J -false? 
if TRFLG then PTRACE? 

case IRH of 

0 i PADD? 

1 { PADD? 

2 t PADD? 

3 i PADD? 

4 t PADD? 

5 t PADD? 

6 t PADD? 

7 t PADD? 

8 : PADD? 

9 J PADD? 

10 J PADD? 

11 X PADD? 

12 i PADD? 

13 i PADD? 


14 : 

PADD? 

15 : 

PADD? 

16 i 

PSUB? 

17 i 

PSUB? 

18 : 

PSUB? 

19 i 

PSUB? 

20 i 

PSUB? 

21 i 

PSUB? 

1 

A## * 

PSUB? 

23 t 

PSUB? 

24 i 

PSUB ? 

25 t 

PSUB? 

26 i 

PSUB ? 

27 i 

PSUB? 

28 : 

PSUB? 

29 i 

PSUB? 

30 t 

PSUB? 

31 t 

PSUB? 

32 i 

PLAC? 

33 t 

PLAC? 

34 t 

PLAC? 

35 X 

PLAC? 

36 X 

PLAC? 

37 : 

PLAC? 

38 i 

PLAC? 

39 i 

PLAC? 

40 i 

PLAC? 

41 X 

PLAC? 

42 X 

PLAC? 

43 X 

PLAC? 

44 : 

PLAC? 

45 X 

PLAC? 

46 X 

PLAC? 

47 X 

PLAC? 

48 X 

PSAR ? 
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49 

4 

4 

PSAR? 

56 

4 

4 

PLAR? 

57 

4 

4 

PLAR? 

64 

4 

4 

PIN? 

65 

4 

4 

PIN? 

66 

4 

4 

PIN? 

67 

4 

4 

PIN? 

68 

4 

4 

PIN? 

69 

4 

4 

PIN? 

70 

4 

4 

PIN? 

71 

4 

4 

PIN? 

72 

4 

4 

POUT? 

73 

4 

4 

POUT? 

74 

4 

4 

POUT ? 

75 

4 

4 

POUT? 

76 

4 

4 

POUT? 

77 

4 

4 

POUT? 

78 

4 

4 

POUT? 

79 

4 

4 

POUT? 

80 

4 

4 

PSACL? 

88 i 

1-89 t PSA 

92 

4 

4 

PSACH? 

96 

4 

4 

PADDH? 

97 

4 

4 

PADDS? 

98 

4 

4 

PSUBH? 

99 

4 

4 

PSUBS? 


100 t PSUBC? 

101 : PZALH» 

102 { PZALS5 

103 J PTBLR? 

104 : PMARf 

105 i PDMOVJ 

106 t PLT? 

107 i PLTDJ 

108 I PLTAJ 

109 J PHPYJ 

110 t PLDPK? 

111 5 PLDPJ 

112 t PLARKJ 

113 t PL ARK? 

120 : PXOR? 

121 t PAND? 

122 J POR? 

123 I PLST? 

124 : PSST? 

125 : PTBLU? 

126 t PLACK? 

127 : PMISC? 

128 : PMPYK? 

129 t PMPYK? 

130 t PMPYK? 

131 J PMPYK? 



(8o 


132 t PMPYKJ 

133 I PMPYK? 

134 : PMPYKJ 

135 : PMPYKJ 

136 i PfiPYKJ 

137 t PMPYK? 

138 t PMPYKJ 

139 i PMPYKJ 

140 t PMPYKJ 

141 J PMPYKJ 

142 i PMPYKJ 

143 i PMPYKJ 

144 i PMPYKJ 

145 i PMPYKJ 

146 } PMPYKJ 

147 } PMPYKJ 

148 i PMPYKJ 

149 J PMPYKJ 

150 J PMPYKJ 

151 } PMPYKJ 

152 t PMPYKJ 

153 t PMPYKJ 

154 : PMPYKJ 

155 : PMPYKJ 

156 : PMPYKJ 

157 t PMPYKJ 

158 i PMPYKJ 

159 : PMPYKJ 

244 : PBANZJ 

245 t PBOJ 

246 t PBIOZJ 

248 : PCALLJ 

249 ! PBJ 

250 : PBLZJ 

251 i PBLEZJ 

252 : PB6ZJ 

253 i PBGEZJ 

254 } PBNZJ 

255 J PBZJ 
others J BADINST 

end J 

if INTRFLG then PINTERRUPTJ 
if FLGTR then TRACE 
end-CEND EXECUTETJ 

procedure GO -C execute in eutoroetic mode >J 
bed in 

repeat EXECUTE 
until BRKPTEPCD or ERRFLA6J 
if BRKPTCPC3 then 
bedin 


WRITELN(TTY> J 

WRITELNCFTY? 'Break-at-user-pc J ' 


r 



1 O) 


1NTT0HEX(PC div 4096) > 
1NTT0HEX<(PC div 256)mod 16) » 
INTT0HEX<(PC div 16) mod 16 )v 
INTT0HEX(PC mod 16)) 

end 

end -C slo >? 

procedure BRKFREECvar POSJinteiSery vsr FL* boolean) 5 
vsr 

K ♦ integer y 
bessiin 

BRKTABLECNBRKJ ♦FLAGJ=f3lsey 
Kt™0y 

while BRKTABLECK.1.FLAG do KJ=K-fly 

if K“NBRK then FLt -false 

else 

besin FLt=truey POSt-K 
end 

end Cbrkfree >y 

procedure BRKSRCH(PL0C:L0CATI0Ny var POSJ intesier y 

var FLIboolean)y 

var 

K ♦ intedery 
bed in 

BRKTABLEi: NBRKD . FLAG i ==t rue i 
BRKTABLECNBRK3 . PLACE J=PL0C y 
Kt:=0y 

while<not BRKTABLECKH ♦FLAG)or 
( BRKTABLECK] ♦ PLACEOPLOC ) do Kt -Kf 1 y 
if K-NBRK then FL* -false 
else 

bedin FL*— truey F'OSJ— K 
end 

end < brksrch >y 

procedure SETBRK f set break-points >y 
var 

PLOC : 0»*4095y 
K ♦ intedery 
FLAG J boo lean y 

bed in 

GETSYMy 

while SYMOLNEND do 
bed in 

if SYM-NUMBER then 
bedin 

PL0CJ=B mod PAWN? 

BRKSRCH ( PLOC y K y FLAG ) y 
if not FLAG then 
i n 

BRKFREE<KyFLA6)y 
if FLAG then 
bedin 

BRKTABLECKl ♦ flag: = t rue y 



BRKTABLECK3 ♦ PLACE i ==PLOC y 
BRKPTi:PL0C3J=true 

end 
els© 
bed in 

WRITELN(TTY)? 

WRITELNdTY, 

"Brkpt-tehle full') 

end 

end 

end 

else ERROR? 

GETSYM 

end 

end C setbv'k >? 

Froceduv'e INITBRK -C initislise breek-r-'oint table >? 
var 

K t inteder? 

j’li ^ li, r*i 

for Kt~0 to 4095 do BRKPTCKa {“false? 

for K:=0 to PREri(NBRK)do BRKTABLECK3 ♦FLAGi-false 

end C initbrk >? . . - 

procedure REMBRK ■£ remove break-poxnts >» 

var 

PLOC { 0.*4095? 

K t inteder? 

FLAG ♦ boolean? 
bed in 

GETSYM? 

if SYM“LNEND then INITBRK? 
while SYMOLNENB do 
bed in 

if SYM=NUMBER then 
b^slin 

PL0C{“B mod PAWN? 

BRKSRCH ( PLOC 1- K » FLAG ) ? 
if FLAG then 
bed in 

BRKT ABLE C K :U FL AG J “f a 1 se ? 
BRKPTCPL0C3 {--false 

end 

end 

else ERROR? 

GETSYM 

end? 

end t reiTibrk >? ■ j. ■\* 

procedure LSTBRK ■£ list all break-points >» 

var 

PLOC { 0,*4095? 

K { inteder? 
bed in 

for K{“0 to PRED<NBRK)do 



if BRKTABLEI:K3*FLAG then 
beain 

PLOC t -BRKT ABLE I:K.1 .PLACE » 

WRITELNCTTY^ 

INTTOHEX<PLOC div 256) » 
INTTOHEXC <PLOC div 16)mod 16) > 
INTTQHEX<PLOC mod 16)) 

end 

end < Istbrk >J 

nrcjcedure CMBTABLEiJ-Ccommand t3ble> 
bed in 

TABLEC13.CMrit = 'BRK '* 

TABLEi;2.1.CMDt=«'DEPBATA '* 

TABLEC33 * CMD t ~ ' BEPIPORT ' i 

TABLEC43.CMDi='BEPPR0G 'y 
TABLEC53.CMDJ='DEPREG 'y 
TABLEi:63.CMDJ=='riISBATA 'y 
TABLE 1:7 a . CMB J •■= ' B ISOPORT ' J 
TABLEi;83.CMBJ = 'BISPR0G 'y 
TABLEC93.CMBJ='BISREG 'i 
TABLEi:i03.CMBJ = 'EX 'y 

TABLEC113.CMBJ=='EXIT 'f 
TABLEC123.CHD:«'G0 'y 

TABLEi:i3:3.CMBJ~'INTR 'y 
TABLEI:143.CMDJ~'L0AB '9 
TABLECISJ.CMBJ^'LSTBRK '9 
TABLEI;163.CMB:~'PL0T '9 
TABLEC173.CMDJ='REMBRK '9 
TABLEi;i83.CMDJ«"REMTRACE' ? 

.TABLEC193.CHDJ='RESET '9 
TABLEC203 ♦ CMD J = ' SETTRACE ' 

end? 

rocedure CMDPROC ? TcomiTiand processorT 
ver 

BONE J boolean 9 

FIRST!- LAST cMIDBLE J inteder 9 

n 

BONE false 9 COMMANB A ? 

FIRST 1 ? LAST 20 9 
while <(LAST >= FIRST) and (not BONE)) do 
n 

MIBBLE X- (FIRSTfLAST) div 2 ? 
if COMMANB > TABLECMIBBLE3 .CMB then 
FIRST MIBBLE + 1 

els© 

if COMMANB < TABLECMIDDLE1.CMD then 
LAST :== MIBBLE - 1 

else 

if COMMAND^TABLECHIDDLED.CMD ther 
BONE := true 

end 9 

if BONE then 
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